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A A review of the literature on team training is presented. The source material was derived from government
documents, industry reports, journal articles, and books. The objective of this efforl was to conduct a
comprehensive review of the team training literature in order to establish a baseline -if whot is currently known
and to identify unresolved techinical issues relevant to Air Force team training. lit additiun, recommendations
concerning the most important areas for Air Force. team training R&D) were to be made. An attempt was made to be
as comprenensive- as was considered practical. lDoruments dated prior to 1960) ard the preponderance of research
on stmall group behavior within a social psychological context were limited to a few representative review articles,
Hundreds of source doc-uments were investigated to obtain just over IMN relevant reports that focus on definitional
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Item 20 Continued:

-iaues; indlividual, task, And team characteristics of team training- the role of feedback; performance objectives;

measurement and evaluation; and the potential of instructional system development for effective team training.
The appendix cNntains an annotated bibliography. The review is intended to serve as a basis and a resource for the
improvement of the state-of-the-art in team training.
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SUMMARY

Objective

'rhe objectives of this effort were' a conmprehensive' review of the team training literature and an
identification of thet- mocst imeportanit are'as for Air Force teIevi training r~esarc'h Pnd development (R&D),

* Background/Rationale

To meet peacetime readinesa and wartime employment objectives. Air Force personnel mutst perform
K I ~effectively in teanist thcerefore. sonme tyle. of leant training is niecessary. The efficiency and effectiveness

of this teamu training is a miatter of high priority.
I Intfort tnate'ly. little' Hal) ham be'ene eondtate'd onl teani training. As a conmequtenc'e. thlt- technology of

team training is poorly de'veloped. Proven techniques and mnethods are not available to) support the.
specification of team training reqciirententee and thet- deve~lopmuent of team training prograins. This studyhi was made to clarify the pertinent technology and to lientify needed RAl). The resuilts of this study will he~
tased by the Laboratory iii plan ning RA I) onl teati training. Somte findings will be of list, in plviining teaml
training programns.

Approach

Pertinent mnaterials were sought front all souirces. IDoeuntients prior to 19(g) and research onl small
grouip behavior within a social p)sychIological context were Itinited to a few representative review artic'les.
Hundreds of seeurce doccantents were reducved to ap~proximtately IMK relevatnt reports. The appendix
contains act annotated bibliography.

SpecIfICs

Findings are peesenited oil thet- foillowing issttes: definitions. individual characteristic's, task
* I ~characteristics, team characterisit i'. kneowledge of restitls (feedbac~k). perfitrinance objecti ves/

meaurecitnt/valatin.and instrtirtioiial syste'nt deve'opcuent.

rhe characteristics tised to de'fi ne' "a teant" strongly inflctence the variables which are investigated.
One popuilar vie'w of a Ite'ai i nclcde's hardware' and software e'apabilitie's. and the' limitatiotis and

* ~~~~~~in tercu'tions of thIese' withI pe'oplve. as re'sea rch pa ra meters. A not her view of the team involves a "sy nt bet ic
orgaltiscill eonc'e'ptlahisationl whivih 4ec1e0p24iasie adaptation, grouip feedbae'k. and an e'-inphtasis oin the'
coegniitive aspeects of learcning. Ye't aunt he'r iiprocaht empilhasizes tile ti!nuu-esoee aspec'ts of learning

'Wi ~~~~acid cone'en trates onl the. incd iv id ia acd his eon tri lention to thle' te~am prodtnet,

-i I m~~~~~ind iv idtial 'hearie'te'ist is. Wea rner sI rate'gie's. a ned te'i ion -inak incg Vliilit ics affe'ct ile' fi ne't oct incg of a
tedille. Sole' esse'nctial c a paliilit ies evan Ilee dehv elopedc Ii rouigh training- othle'rs ecal c'oct. At t inwi~s it is

4 ~~~~~~ne'ces iary to se'lect te'ai ciine'enbe'rs with tilie' ne'e'ssa ry e'harate'rist ic's. rathle'r than de'pe'nd onl t raCining to
develop the capabily.

Tlhe researeci rev iewe'd suipports act ''e'talelisle'd -emie'rgectit" task dist inc'tiont as a e'ritie-al coniside'ration*1 ~ ~in the training of teamis. Aci e'stabhisheed Msituationl is ole' in whieh c'ondinieci are spec'ifiablel acid peredic'tionls
eaci be inade abouit the' 1irelahle' rocse'qcetie'res of alte'rtiative. actions. Acil ecteergenct situatiotn lae'ks speeific'
ecivirconmnental 'oiiditionm. doees niot v'crre,4pocid to re'lie'-ccpoci pre'die'tiocis. acnd resists amialy tie' solutions.
Whether c'onditions can be.- antic'ipatede acid prepared for has Pcil obviocts ictipitt onl vitat sholild, or eve'n
can1. he traicned. Other task e'onsielerations include' task load. whie'h aptpears to Ill' a measure' of task
difficulty, and tilie- ade~leejay anmd appreopriatente'ss of t raincictg olejeet ives.

I

.. ... ... .. -- .- - ~ - * - .------

___ý



fI,

(.oopterat toi. coordination. and commuictitlationl appear to bie significant parameters in tilt training of
Wallis. t'me considerablel e'videnctte that hats bteen collectted suggests that these May be the qUalitiesl t111t
calise team ollipilt. espeiatt'tlly in emeitrgeait situations. to appear to exceed the sumi of individual ouptputs.
Teana orgaltcvation. structure. 'ompilositioni. and size also appear to 'onitributet to team' effectiveness in
comlplex Ways. o ih.4

It seems appropriate to vary lit-n typ of feedback pro' itled (individual orgroup) wihthe model o
thet team adopted. If the te-all is viewedi as anl organismlic e~iltiv. th~en groupi feetdback is appropriate. If the
individual 'oilirlmiutiotis of team mlembiers are! vonsidereA more important. then individual feedhaek is
mtore appropriate. If lilt- opinionl is thast a teanit is some combination of both. then a comibintation of group
antd ind iv idutal feedbhack commItenitsutrate with Ithteir relatIiv ct(ollt ri butijons to teamit out put seemis
approprialte.

Adequate meitasutremtent of leant perfortmance mteasurement is essential bioth for R&DI and operatiotnal
teanin trainting. This area is not well defined atid to somle degree ref lec~ts the ambignities associated with tile
(lefinitiot lofl( the tea it it selfI. team inbeliav iors. a 11( te'amt funt ttions. T'his is a ii area in whtichI there is a c'lear
tneedl for VS4-11tenalic4 investigation.

Ani essential si ei iii imilpr'ovemenlt of cutrrenlt te-a i t ra illing ItechnoloVy' is developmenit of a systematic
approacht to teatin trai iitng programs. Currenit lInstructtionial Systeiia levelopriteit (151) techniology does not

provide tit adeIt' ialer men o detfcto and conudr'ino emtann requiiremienits. It fi vus

ito develop a miethtodology for team traintinig. htigh prioirity shouild lie giveni to (developmenett of adoquatte
task or fintmio atialviii t'chniqiuites f u Ise inthtie ntfcto n descriptionofen taig
ri-qiii rt'teitis.

Coitelumloits aitd Revotninattdailott

- .~~~~~ ~In terest itt team iiitra inii g rests ottl liet assiiumpt ion t hat t4-1a ou (it put is somnethIin g miore titan the sutmi of
inividuatl utptIu11hlts a itt thatit somet (listinctttivye t'letttt'is (determitn le teamit effecttiven ess anid effivietity.
SiiIon iitinltel v t It(, idetnti ificat ion . itia mitifiva tiotl uppl teat loll m ieasttre lit ii. antd evalu tat ion of thiese
eleet' tti s ha ve prtvi- qu1tjl~ite 'luis iv c. IDespi te an itm npre'ssi ve amtottnit of rese'arch coiiditicet itt tilte tea it
t ralitning a reat it) daite. m najor issues remita in it) lie- invetst igatetd itt each of t it( a reas i nclutded iii t hiis review.

piariticularly its they relate it) the mtilitary trainintg enviv ronmietntt.V

in Im train ing is t'sstit i a foir jirodcivitig anid ma iiita in iig critical profivienot ill miany types of

oiperattionial unl.*A% siial program ofHA sholo Itl eii indertaken iit) (it'lsure effective antd e~fficeit'
pterformttanice tif mlilt r tea tts , A re'asontabhlt' first Sttep wtiulId lie to tieterlint i t oltw team ti ra ininig tcurretli tIy
is t'tid titttd . A t hortiugh asse'ssment't of tilit' cuirre nt statustill tof in t ra itting sholtod idethi'tify issut's thIat vanl

4' I~~~~~it- iaddrtessted wiith Ittctntltoltgy wichtt is vtorrt' ilt a va iIabllt tir t'ami miodi ifited. Sucthl a ii assessmntelt also
wotit d( ide mit% i proileItmi ismiets rtequiiring lu rthmt' r's'a rvht .

ThelbIack tif adetqua11te aeslitlt/lt'sr'llt'et tchniiiquites ftir leain bethavitirs is anhothettr area of h ighi
* h~~~~~~ot e iiia I payofil. A thirtd are'a tif htigh payoff is imotd ifita tion tif ISDI tethn tique~s for t lit' identt ificat ion of

initeractt ioin. coimm ni tiltitai n. tctord ination . decisioiin makLing. tom position. st met tare, andl ot hter (perhaps aso
ye'titl ' u t eni fit'd) tta it pterftiriiianice v ariabllts. rthis rt'v it' shoulId lit. nseful in structuiirintg ati Rat)
pirogram litil Ivat' it Irainin~ g.
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PREFACE

A review of the literature on teanr. training was conducted by the Logistics and Technical Training
Division of the Air Force Human Resources Laboratory, Wright-Patterson Air Force Base, Ohio, between
June and September 1979. The effort supports Project 1710, Training for Advanced Air Force Systems,
Mr. Bertram Cream, Project Scientist. Task 1710-03, Training Implications of New Military Technology,
Mr. Bertram Cream, Task Scientist- Work Unit 1710-03-47, Team Training (T2) for Command, Control,
and Communication (Cs) System Operators, Mr. Roland Denson, Work Unit Monitor. The review was

* accomplished in-house to serve as a data base from which contractor as well as in-house investigations of
C3T2 would emnerge.

Acknowledgment and appreciation are extended to Mr. Bertram Cream, Dr. F. Thomas Eggemeier,
and Dr. Gordon Eckstrand for their careful review and comments.
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TEAM TRAINING:
LITERATURE REVIEW AND ANNOTATED BIBLIOGRAPHY

L. lNIIODVCTlOI

While everyone professes intuitively to be able to
recognize a good team, (the "I'll know it when I see it"
phenomenon) no one seems to be able to articulate its
dimensions with sufficient clarity to permit the
development of training procedures for producing *-.

-Hall & Riaao, 19i5

The ability of the Air Force to operate and maintain its weapon and support systems to meet
peacetime readiness and wartime deployment objectives depends, to a significant degree, on the ability of
Air Force personnel to perform effectively in a team environment. In recogni'ion of this fact, some type of
team training is usually the final preparation for operational readiness. The efficiency and effectiveness
with which this team trainirg is conducted is obviously a matter of high priority. Unfortunately, while the
Air Force has invested considerable resources in Research and Development (R&D) on individual
training, team training has been almost completely neglected as a subject for R&D. As a consequence, the
technology of team training is poorly developed, and proven techniques and methods are not available to
support the specification of team training requirements and the development of team training programs.

Over 15 years ago, Eckstrand (1964) noted that "..*a psychology of training is developing which is
separate and distinct from a psychology of learning; separate and distinct in terms of the goals,
hypotheses, methods of investigation, and criteria by which its development is measured." This
psychology of training and many of the considerations that impact the team training domain are addressed
in this report.

Several major factors that potentially infiuence the conduct and effectiveness of team training have
been identified in the process of this review. These factors include the characteristics of the individual
team members and of the task to be performed, as well as the characteristics of the team itself, the use of
knowledge of results, and the development and evaluation of team performance objectives. Each of these
major subfactors constitutes a portion of this review.

Occasionally, the issues raised may be examined as discrete entities, such as team verous multi-
individual assessments which lead either to measures of team performance or measures comprised of the
sum of individual performances. Another type of discrete choice may be made between the parameters
that a researcher wishes to control (e.g., varying input fidelity or output fidelity). These discrete choices
are arbitrary designationt, but the majority of the issues affecting teams and their training preparation can
be most appropriately placed on a continuum at various points between the extremes. An issue might
involve the amount of feedback required for effective team training rather than whether or not to provide
knowledge of results. It may not be possible to describe a situation as "established" or "emergent"
(Boguslaw & Porter. 1962), but as some combination of both. It is sometimes apparent that a task may be

many different things at once. For example. a task may be both a response to a stimuiis and a stimulus to
additional responses.

These and other considerations are often found to be situation specific. That i's, they change in
importance or in applicability, depending on what is to be accomplished. The constant in any study should
be the unit of work being investigated. In order to contrast and compare studies and findings, the
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performance units being discussed should also be equivalent. The issue is one of some magnitude as quite
often equivalency of terminology was not the ease iq the literature reviewed. The team has many aliases
(and as many definitions): i.e.. group. small group, crew. unit, multi-individuals, or squad to name a few.
A review of many of these aliases is contained in the next section.

The source material for this review of the team training literature was derived from government
documents, industry reports. and journal pul)lications. The resources searched for relevant material
included (a) Psychological Abstracts. (b) the National Technical Information Service (NTIS). (c) the
Educational Research Information Center (ERIC). (d) the Air Force Wright Aeronautical Laboratories
(AFWAL) Library. (e) the Defense Technical Information Center .(DTIC), (f) the Computerized
Automated Data on Instructional Technology (ADIT) file. (g) the collection of documents maintained at I
"the Air Force Human Resources Laboratory (AFHRL) at Wright-Patterson Air Force Base. and (h) the
libraries of Wright State University and of the University of Dayton.

The literature review was as comprehensive as practical within the constraints of time and available
resources. i)ocunents prior to 1960 and the preponderance of research on small group behavior within a
social psychological context were limited to a few representative review articles. The goal was to identify
current issues in team training as they most appropriately apply to a military context. No attempt was
made to provide definitive answers to issues awsociated with effective training of tevms. The review was
not intended to identify specific solutions to team training problems, but rather focused on potentially
significant factors in a very complex behavioral process - team learning and team performance. The
review is intended to serve as a focal point, a place of departure, and a resource for improving the state-of-
the-art in team training.

Team

In 1955. Glaser and Glanzer proposed that the primary cbarecteristic which distinguishes a "team"
front "a collection of individuals" is the team-communication structure. Communication was
operationally defined to include "all interactions between teaim members and between the team and the
"environment that are necessary for accomplishing a task." It may be noted that within this definition the
communication outputs of one individual may serve as communication inputs for others. Although no
formal team communication pattern was assumed, the communication flow between team members was
described in terms of input. process. and output with ordering according to the sequence in which they
communication flow.

Boguslaw and Porter (1962) defined a team in terms which applied to work groups of varying

compositions. sizes, and goals. Included in their analysis of team behavior were machines, computer
software, and "programs of interaction" which contribute to the achievement of some system goal. The
relationships between men, machines. and work procedures were assumed to have meaning to the team
only insofar as they facilitate or hinder the accomplishment of the system goal. Boguslaw and Porter's
definition of the term "team" followed from their assumption that it should represent more than just the
relationship among people. They described "a relationship in which people generate and use work
procedures to make possible their interactions with machines, machine procedures, and other people in
the pursuit of system objectives." Their definition was an early attempt to distinguish the term "team"
from such often interchangeable terms as group. small group, organization. social system, and society.

0
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Horrocks, Heermann. and Krug (1961) developed their concept of a Navy team from field
observations at Navy team training installations. The Navy team was seen as a "task-oriented organization

p of individuals interacting to achieve a specified goal." "Task-orientation" implied a specifically defined
job task and "organization" implied an inter-dependent parts structure in which each member had a
specific function. The Horrocks, Krug. and Heermann (1960) description of a "structured and task-
oriented group" further implied that the individual members have differentiated roles which are usually

designed and imposed from outside the group. This structure enhances task accomplishment, but further,
it may pre-determine the direction that task acomplishment takes, "Task orientation." as used, also
implied that the group exists for a specific purpose which provides justification for the formation of the
group.

* Briggs and Naylor (1964) carried the Horrocks. Krug. and Heermann (1960) definition of a team one

step further in specificity when they defined it as "a group of two or more operators working in a

!* structured and task- or goal-oriented environment." The structure was considered formal in the sense that

the organization of the structure defined the functions to he carried out. the sequence of the functions,

and the nature of interactions among individuals. Naylor and Briggs (1965) considered this "structure"
and "task orientation" to be the factors which differentiate a team from a small group.

Kennedy (1962) perceived "task-oriented groups- (i.e.. teams) as "synthetic organisms" in which

individuals become members of a greater entity. The "synthetic organism" wAs deEcribed as showing a

cohesiveness not unlike the cells and organs of a biological organism. This "biological organism"

hypothesis of the team focused easily upon growth. development, and life-cycle changes as salient

features. There were three concepts assumed to form the basis of this development process: (a) the

development by an individual team member of the ability to relate his/her task to the functioning of the

entire team, (b) the development of some itwareness of the range and limits of possible input conditions.
their frequencies. and relative inmportances and a capacity to anticipate, and (e) the development of an

ability to adjust quickly and appropriately to unexpected situations. Collins (1977) summed it up:

Raw tier O l i tuiti nt it eig ohm-rvatie o mi' tii Ito inmitt-outmit
conditioo, and inferring whit rsnolpires im.tweeti thl two.
this poIdition f[oewuand on tht. proe.r.s of sdaptatioo by the

I'inut to eiutPrteltt ,hisrattrrstie. of til ativironluelt.
4.nipha•sitrig cognitiv as•ap.tts of trarniig.

Alexander and Cooperhand (0t)05) gave no implication of team performance as a psychological (or

biological) product of some team entitv. They referred to team outputs as the integration of individual

member reactions to common situations. 'oam performance was considered an aggregate of the behaviors

of the team members, influenced by a set of conceptualizations each member has about the environment.

They did allow, however, that "the capacity of the team for performing tasks depends not only upon the
individual capabilities of its members but also upon the way these capabilities art coordinated." That is.
the structure and coordination rules are not nccessarily individual member characteristics, but are

4 properties of the team entitv.

Glanzer (1961) found it more difficult to deal with teams as simple units with measurable

characteristics. Glanzer studied several types of Navy teams in the field and recorded their activities in

detail. Problems of unclear team boundaries, unstable team structure and composition. lack of

centralization, interaction and coordination overloading, and self-generated team inputs led Glanzer to

focus on individuals and their responses within the team.

Similar to the Boguslaw and Porter definition of teams. Klaus and Glaser (1968) of the American
Institutes for Research Team Training Laboratory felt that a shortcoming of most research studies on
working teams was a failure to recognize that members of such teams are highly specialized and have roles

7
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that are either assigned or determined primarily by tht hardware with which they work. Studies designed
to determine the effects of varying structural configurptlons and team organisation have had to contend
with communication networks and other Indices of group structure which often could not be Varied
beyond very narrow limits while still permitting the group to function evrn at minimal levels,

Klaus an~d Glaser. in contrasting the team and the small group, recognised that both may profit by
* research. but that the kind of research most beneficial to each may differ. Although both terms referred to

'~collections of individuals acting in consort . ."a team was considered to be "well organized. highly
K I structured. and to follow relatively formal operating proved nres.." Teams, aso opposed to small groups.

were defined as more fixed in terms of structure. organization, and comnmunication Iintese having better
defined individual assignments which allows better anticipation by other teami inomberms more depeindiotn
upon cooperative and coordinated inputs from otheirst more often performing perceepitual-mnotor taskam
and following established job) performance guidance,

Small groups were contrasted as rarely so formal and without well-define'd, spuecialized tasks, and
were described as less structured, less organized, and loosely defined in termil of iommtunication
networks. having assumed individuqi contributions- mnore often requiring 'omnplex de'eislon-tmaklug
skills; and operating with at minimunm of specific' established guidance.

Haland Rizzo (1975), in a study designed to gather resourcee infornisitkon for planning purpose's
within Navy tactical learn training, discussed the definitional problems of "teanms" versus "small groups"
cited by Klaus and Glaser and reached a consensus,. A compilation of much of the rebvaent literature wag
presented and distinctionsl between teamso andi Nmall groups were listed, Hall and Rizzo tconeluded that
there are inherent differences in structure and function which distinguish between the twot "Studies of
small groups typically involve the modification of organizational variables such aso group structure while
team research normally cemphasizes the' manipulation of variableis related to tasks and asslumes a
predetermined and rigid structure and commnunication network," Even though Hall anti Rizzo supportedu a '

clear distinction between small groups and teasin which clearly suggested different training approaches.
they objected to "pat definitions" on the grounds that the complex and variable nature of Navy t-amns le'ftA
many questions unanswered. Of concern were the meembership and numerical boundaries of a ',Pont anti

* ~whether intermember Interaction or communication should constitute a defining factor. It waol dee'ided
that the minimumi rhavacteristivs for Navy tactical teamsg would include a goal or mission orientation. a

*formal sltructire. A8signed -roles. and a requirement for interaction Imetwittn mvenibers. Tia. vinumbVr of

team memberv wits not considered a relevant cionsideration,

Meister (1970) congicw.red the team the, essentifal element Wi any toultilmermber ~s ioen While
allowing that, in many ways. a team functions like an individual by responditig to a ei~oer.eieen,.
performing lasks, receiving feedback, holding goals in commone, and adjuating behavior. Meisiver and
many others (Blriggs & Naylor. 1964; Daniels, Alden, Kanarick. Gray. a l'euge. 197l2& YOfcnw., SclWtve'

* ~Board. 1976-. Haines. 1965. Nieva, Fleishman. a Itieck. 1978) considered the diotinctiveAY t Pn letnent If?
be the interaction among team members. Attempts to focus on team intore~rtion hWive traditionahly
investigated some form of communication. In contrasting teams with groups. Meister allowed that t&e
difference is a matter of degree, but descri.ed the critical difference as that teanms are 11e ~.'v dlrewtrit
by mission requirements, procedures, and 'nstructions while groups are more- internally or self dlrec'ed.

Meister cautioned that no conceptual definition of a teo'' is appliva' le In all cht'umstancoo. The
composition, distribution oif personnel, behaviors observed. and interaction patterns all may vary during
different tasks or at different times, Concern vas also expressed as to what defines tAilm mnembership.
Candidates might include presence during a team activity or the degree of interaction/comnmunlcaeion. i'.
distinction was also drawn between an individual's "immeediate" team (usually relatively osmaa and
interactive) and his/her "extended" team in whion the, immediate team is embdided. Teamn activity
presented an additional defining diffico' .y. Should the unit of measolrable activity Include everything that

a team does during the team) activity (including incidenta) aso well as critical f-uielions at,- thelir



interactions), or should it includ- discrete functions only (perhaps overlooking interactive aspects)? The
point that Meister waa driving home is that "the team as an observable entity may be very different from
the team as a construct."

Team Training

The definitior of team training is confounded in much the same way as the definition of a team. The
underlying assumption of *t-m training is that thire are distinctive elements which determine the
"efficiency of a team. It is these elements that must be trained. There has been little success to date in
specifying -l1i must be acquired which is more than a cumbination of individual member skills, It is this
difficulty that accounts for the fact -hat teamwork is not often taught in terms of skiPs and behaviors, but
by providing a context within which tho individual practices with others (Meister. 1976).

Klaus and Glaser (1968) in developing a conceptual framework within which to study teanm training
viewed the tea-m as a "single response unit, or module, having performtance characteristics which can be

subjected to a variety of influences or contingencies similar to those which have been previeus'y
demonstrated to be effective in modifying the responses of individuals." Their aijproach assumed the
posture and principles of operant conditioning theory. The team product, rather than individual
.contributions, was the focus of their training research.

lBoguslaw and Porter (N0162). in their analysis of team functions and training. offered a very broad
definition of twan tmaining as "any experience in which a team engages which results in a change of team
function, team organization, or leam performance." The evidence that team training has occurred is in the
changes or adaptations made as a result of experience. The experience may be planned or it may emerge.
The experience that doe, occur is evident in changes in work procedures. machine procedures.
equipment. and proficiency.

Wagner. Hibbbits. Rosenblatt. and Sckulz (1977). in a review ef team training and evaluation'. strategies, cwose 'o accept the Giaser. Klaus, and Egerntan (1962) distinction netween small groups and
teams as oppised to adding yet another definition to the literature. lTey did. however, address the
question of te'im versus multi-individual training. l)erived primarily from the Glaser, Klaus, and
Egerman discursions. "team training" was defined by Wagner et al.. as the training of two or more closely
associated individuals. The team is A,tructtired and goal-oriented with well-defined mc mher
responsibilities. The functioning of the t:-anm depends upon coordination inputs from all members and
coordination and t~lier related interacti.e activities are the appropriate focus of team training.

"Multi-individual training*' was distinguihed as focused on individual skills, activities, and
e u~roducts produced by individuals who are associrted in a group context.

Aleyander and Cooperband (0 905) referred to team learning, perception. and behavior in general as

evidence that the members of the team have "'reacted to a cotnlOn situation and have produced a product
"which integrates all the individual contributions.� Team performance was considered an aggregate of the
behavioral interactions of the individuals. There was no implication of a psychological product of the leant
considered as an "organism." Even so, it is interesting and useful to include the view of the team as a unin
if investigation and to study what factors influence hs functioning.

Sintu'ry d

lThose defining characteristics of a teamn that arc adopted strongly influence the res-arch models
used. The model, in ;urn. influences the variables wlii.h are inv.stigated. Tue view of the team that is
held. therefor'e. dictates the vownts.l, of the data hum,. by directing the( research that is acomnplislhett.
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,Boguslaw and Porter's (1962) definition led to the inclusion of hardware and software capabilities and
lin,'tations and the interactions of these with people as research parameters. Kennedy's (1962) view of the
team as a developing "synthetic organism" led to investigations of adaptation aed group feedback and an

"emphasis on the cognitive aspects of learning. Klaus and Glaser's (0968) stimulus-responTe view of the
"team led to research emphasis on the individual'. proficiency and contribution to the team product,

It is reasonable that the three examples cited are each appropriat, in a different cont,;xt. Where little
or no interaction among team nmembers is necessary for the successful completion of a task the stimulus-
response model femphasizing the individual may be most useful for describing the team learning and
performance process. Where there is considerable interaction and intermember dependency, individual
characterist;cs may br lost in higher order interactions and the only meaningful view of the team may be
as a dk eloping enwaty. In those situatious where hardware and software can be sufficiently varied to be
.considered factorii, their inclusion in the model seems appropriate. It is unlikely, however, that any team
situation will be comprised of entirely interactive or entirely non-interactive processes, nor that hardware
and software is either fixed or can be varied beyond reasonable limits,

Perhaps the most operationally relevant definitional approach is a hybrid one that evolves with the
rclative position of the task on an interactive-noninteractive contimuum. Consideration should be given to
factors such as the hardware and software limitations. the composition of the team, its size, and the
(Criticality of its mission.

The defining characteristics of a team should be derived front th- team of primary irterest to the
researcher. An assessment should be made as to where that team is positioned on the relevant continua (if,
in fact, a continuum is appropriate) and the definition allowed to emerge from the team char.,cteristics. If,
for example. the team of interest is within the command, conwrol, and communication (C3 ) domain, the
defining characteristics (and thereby the model) will be influenced by the interactive nature of the
mission, the hardware/software limitations of the equipment. and the extreme criticality of the task. This

,, critically will bear on individual proficiency requirements while the uncertainty of what will be required
may demaind the development of something more than the sum of individual contributions,

It is inmportant that the definition and the model reflect accurately the parameters with a high
potential payoff, as these factors will certainly impact the conduct of the research.

, ,. ~~Ill. IND}IVIDtUAL CIIARA(MS.4IRSI'

. Individual Entrv Chluu:eteristicn and Learner Strategies

Thurmond and Kri'- (1978). in their evaluation and demonstration of the feasibility of developing
computerized vollectiv' t aining for teams (COLT 2 ). delineated several characteristics of the individual
which influence teaw Imlning and should be considered in the design of team training:

1. "Knowledge it n roles" was described as an understanding of the authority, responsibility, and
duties of other teat. . hers and the ability to assess the capacity of oneself and other team members to
fulfill the prescribed role:,,.

2. "'Team attitudes" such as confidence, aggressiveness, and pride were emphasized as related to
achievement of a team kcoal.

3. "Tea:n communication" was described as an important part of a coordination task and that
I mindividuals trained in s'.ch skills develop more effective performance in a team.
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4. Ilntellectual aptitude and availabi'ty of strategy skills" were viewed as related to the handling of
conceptual complexity (the capacity to integrate and interrelate dimensional units of information). These
seemed to be important faictors in determining the type of learner strategies upon which an individual can
call,

5. "Personality variables" such as dogmatism, tolerance of ambiguity. and locus of control were
believed to influence tea.: performance. These variables were considered potentially useful for
(,ommunication training involving risk willingness or reluctance.

0. "(Cognitive style" waas included as a characteristic which creat %s boundaries on the types of learnerstrategies available to inAividuals. Cognitive styles were considered preferences in perceptual organizing

and vonceptual categorizing of the environment and important to adaptive instructional methods which
match media or level of difficulty to the learner.

7. "Memory strategies" were considered important in determining which information is entered into
and retrieved from short- and long-terin storage.

8. "Problehm solving strategies" were divided into "closed-system" problem strategies and "open-
systgem" problem strategies. Closed-system problems are characterized by the existence of an identifiable
solution. whereas open-system problemns require the problem-solver to go beyond the mmn'ts immediately
given in order to discover a solution,

The above examples of individual entry characteristics and learner strategies may impact the design
and manipulation of learning events and instructional materials. The research devoted to these variables
has indicated that significant differences in performiance and achievement have been attributed to the
individual's cnomposite of 'values related to these variables (Thurniond & Kribs, 1978). It does seem,
however, that it(he characteristics and Strategies reviewed by Thurmond and Kribs contribute to teamn
effectiveness only to the extent that they imnl)act individual capabilities and proficiencies. In this respect,
they exert a greater influence in non-interactive contexts,. This is not to suggest that these factors should
he overlooked in an interactive team. but that they fall closer to the non-interactive end of a continuum,

* Complementary Task Model

'I augh~in and Johnson (1900) conducted a test of a ''completientary.type task model" which
assumed that each leanm Iettlber possesses sonme resources that are not shared by the other team mombers,
The combination of these unique resources within a team is one factor that gives team performance
Superiority over the performance of the Sante individuals working independently. The effects of group

41 versus individual performance on a concept formation task were investigated as a function of individual
ability ' Subjects were categorized into high (H1). anld medium (M). or low (L) ability levels on the
basis k. em on a concept mastery pre-test. T'he test was then retaken by the subjects alone and in ability
combinations taken two at a time (HII. HM. IlL, MM, ML. LI). Results indicated that subjects working
with partners of lesser ability did not improve relative to subjects of the same ability level working alone.
Subjects working with partners of greater or comparable ability did improve relative to subjects of the
salle ability level working alone'. In the former case. little new information was contributed by the team
menuber of lesser ability, while in the latter case, each partner brings new information to the team
arrangement. Results were interpreted in support of the complementary model.

Tralnability of Abilities

Ilogan (19'7d) has presented indirect evidence from selected areas of the nonspecific transfer
literature to suppert tilt notion that abilitie's such as those' c'onsidered by Thurmond and Kribs can be
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trained. Areah investigated in the H-ogan study itcluded early experimental memory training research.
verbal end motor studies of warm-up and learning to learn. effects of practice variability and learnitng
withotit a prototype, and appliedl and educational training, k

H ogain identified three importanit considerations in analyZing nionspecifctrase:()t

Olinravteristies tend to he niore predictive of transfer than the training materials used, Wb it appeared that
t raininig variability within a class of response types facilitates positive transfer, and We it was suggested
that transfer may he partially niediated by the adoption of a strategy which requires the abstraction of
in in irta n t ra initig featuamres whIiich wo ild be eeilt ired ini the transfer situatntion.

If raining dir-cted atit improving abilities is found ito result in transife' it) several tasks, andi to more
1 iiiiiipleN tasks, requiring those abilities. then ability training amay parovide a mnore, efficient approach to
1 ~tranintmg individuals than training for each specific task (Hiogan. 10)8).

Iliecislaen Making

A major act ivi ty of mnilitary teams 6s devisiont inakitag. Hall andl Rizzo (1975) identified four
vha ract erist it- of tactical derisiogi mataking: (a) sittuatioti diagnosis. (h) hostile environment. (e) selectioni of
opt iinniti alIternat i vi'. a il (d ) somei degree of u ncert ainty . The' ili'isionsi made w ithiin thle tactical teamt
voi text v a r lii., ii I tosi iii viiivinig estabhlishbed techItniques for deris ion selection to those involving
lt ern at ive M~lelctlion with uajm--i rtn mit onein e, Im ' ah Amountt of (Itnccrt ainlty gnlend n IIIbi gnity involved if)

lteftica I decision maikinug re~qui res the inmd iv itiua' ma kintg decisions to draw upon et'x perience with similar
situations and to estimate the chancve of sutccess in termvs of sutbjective probabilitiesi. Mecans for preparing

de'cision mna kers have- included generalizred trainini g in the behavior of decision tmiaking. si tuat ioti-specifie
mon ru.ai- leiniig. and modeling through the use of training devices.

miitSwe',,y ( 197 4)) raeiently applied a "tinulti-attribute utilities mtodel" it) decision making options iii a
miiary training wiplystis situation, Then ituodel is a Iiayesiami-urii'tied decision-mnaking paradigmn which is

11adaptable to training evaluation research efforts, Tlhe teri'nique im a descriptive onte which gathers,
-E* na' ~~~rpo rt s. a nal u pdites illfo rmination)1 as it beccomeas avail a ble As add itiwonal in form at ion is receiveil, it isI

prioaissaed ill Ilit- sam iia' nn iiemr as thIe existing pool of' iniformat io n antd existing decisions mnay be t-ev ised in
iw it of t lii mac w diata. 'rlie outcomes miayv lie- assessed usming a variety of technlqunes including

e xpi'i i' a tllnn.jiug mei lt. and IIJI urnlist ic aobse'rvaiion. WeightIs arei t heluii deiveil to reflect the
imipiort ance of a'atch dhim-iiteiiti of vailue rn elat ive 'to all othle rs.

-ji ~ ildescribed by Ealwards at1 a). (19i75,i and reported in) abbreviaated form by Swezey, A lintimtg of the! stepsi

fuillows: (1) Identify the ind~ividual or organization. (2) Identify the melievatnt issues. (3) Identify the J
alillortatit entitaies for e'valuatiotn, (4) Identify the dimensions of value. (5) Prioritize! the dimensions, (6)
H~ate' and weight thie dimensions, (7) Suin the weights. divide each by the total. and muiltiply lay 10M, (8)
I ocall ieach entity of illportailct on a linear 0- 100 scale, (0) Calculate utilities with it given formula. and
(10)) Make decisions based on this umaximnization of utilities,

The ippilivation of the mutil-attribute utilities method reported by Swezey wast designed to determine
whAt variahbl!s to conrider for inclusion in the design of improved gunnery ranges for a m~litmry antiarnior
trhiining systemn. Nineteen variables were identified ats relevant for possible manipulatiun and were
incorporated as entities of interest in the mnulti-attribute utilities model. Two dimensions of value were
identified, Top ranked entities were identified by application of the niodel and were, therefore,
considdered to he muost critical in the design of gunnery training situations. Four additional variables were
identified as signiific'ant and the six were incorporated into the train~ig situation. The results obtained
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were compared to a simple' judgniov'nt analysis model using the samne input data. and a Spearitan's Rho of
0.77 was found. The two methods agrve'e on five oif the six top ranked attributes.

Three major aspects of the inulti-altrdibowte ~ilitits procedure were presente'( by the author-

1. 1tm capacity to aggregate judgments ove-r inii oilw~ Aimt'densioliM of value tii a probabilistif-aily
weighted fashion.

2. Its iterative capability. Should additional data he4 ohlai ned(. thbe premeilt data mlay be used am the,
relevant prior probabilities. and the new data use'et to modifi' thiein according to4 the' Mpecifihed procedures.

3. ItM use of prior opinion by expert judges wag considered anl appropriate (latuin to l'onsidier as that

K' Iprior op~inion was often based upon ciitpirivai data.

Indlviduab-Team Comnpuirloonm

I I ~Meiste~r (1970) reported a seriesa of experimnents which vontramted individuial with teain training, rThe
task invlvel'td a ('lassil' 'iwenty Questions" gatme in which sulbjects wesre required to identify an object by
ask ing q uest ions. Individuall perform anite we're' comp1ja red with bhooe of t wo~- and fooir-membIl le'r telaliMg.
leami learninizg e xhibllIed the sam p5 e'rformiianie'e cuiirve ats di iti 1V idtual I lkarisihiig. Mie'ist er poi0 nted oot,

hioweve'r. thatl seriesM opera t ions we're e'xc('osMi ve'ly temt e( anid that I hesi' are not1 represlitat ive' of mlost t ear
situiat ioins. Theii oil y basic di ffe' re'nee found tidletwee n inudiv idual and ei eanin ope rat 11111 wam a shi ft in
fee'dback conlintg~(tenciesM. Th'le're' w iis lio more (or di fferentl) in terlact ion innn a im l vta ill memle'114'rs. Tlhe authlor
l(lt nIttidedti. t henl. tha11t theoi 14'ra itir tas ks did not launge' w hell placed in at 5e'akin eontet C'~Iimid. its a
C'onseque~nce, MimiIa r p' fre iina lve cu (IIrves in ight have' bee n e'x peetted,I li~~~~~~~~easley (1 958) com11pa red till pe rfo rmncesi (iof titndividiuals)I withI t hre'e'-nienilli'r groosi~P (gi veil no

pa11rt l'icular trailninzg) in a t navi' learn inig situaltionis 'l'li1' - jexprimsen Ital taok wam tol learn thle votrrec(t piathi
through a 11(11t -hlead lllavve w h ieh inivol ved 44 4'1hoice' po inlts N, Those' wotr kingl ill groupsj we re! itnst rutetd t hat
tile produc~t (If thei r colIaboera t io iweuld Ih e' Mel re'I Grou perf'ormlnclafee wam siginificanl 111 U peri'ir te
in(1iv iti al pe rfoirmanle' its Iv'riMi (If numbe114'r tif trialsN to cient4rioln (onle e'rrorless trial) an n)1i Iusmber of

stereoty ped lrrolrm, hilt groupsj re'quired an1 appirecriably longer amount of time tei learn tllse 1114C! iti
('riterieli, D~iscussion time withini groups appeared't to acctounlt fort the additional time reqlli.'ed to learn the
task, Individuals hesitate'd It-so betweenl motves. but(ldid not havi' thle hessefit lof diocells~ing tconflicting
potenltial moves which forced tconslide'rationl tf alte'rnatives. Individual MeIm tt move' in the' wronig diirec'tion
were. re'ducedt by muc(h 'otimidtie'rat ioins.

* N ~~~~~~~~Me ister (I1970) alsMo feolnl e'v idence14 th at indtiiv iduIal training to i simp le- tir inodera tel y comlp lex tasks
* ~~~~~~~waM su)pe rioir to teoIIill Ira illning. and1 fu rthe14r. thia t "Ieani ilt rain intg aIppears itl hes relahtivye'ly inle'ffective in

produtcing pe'rfoirlmance beyond that resMulting fronm inldiv idutal ope'rator trainiing," ResMearc'h byv lorrocks
et al. (1 900. 1961) anti Briggs Ilid Johinsoni (I19671) was 4'ited(. D eiciding tasks. miemoitrizationl e'xe'r('i§'M. and
inte'r'e'pt tasks we're repo)(rted( with nol mignifie'ant differetivee fouind between jindividualI and1 team

A ~performana~e'.

liall and Rizz~io (l1975), in their asses'smenlt tof U S. Navy tactical team training, concluded that,

Intl ilt110i e'inaip ti es~ 1M Im'Mitte4'l p lave by 4 th training
oniit~t~l'1 ill MtenllipinlU to4 ,rotlut'i' et lea i~iNrte'r lthani

iaietiIilplng it, 1,rodide hlighly eietiifii-d iltCndivdial
le'rfoiebrle'p. Therre' is nitie'h reweearehI it) ti~ppe'Pl that
indievidital profire'ene'y is the4 Le'y in effect'ivse Iranit
It~erforiliance said thati the coor'dinaltion reqtaired witihn a
train1 naturally t-inet'tp~ mi, a resultl of h)igh te'velse of
Indivtiyldt lreofirierny. Thius. greate'r e'niptiamim shoutld he
p,14ve'd on Individiial training. both11 initial end refreshe'r.
sot ~il moip tesainsi rtlminelts should be' de've'hloe'd to aine'ir

iniitividialt vi'(np~e'ee'ly p~rior it) pareleitil Iiio Ii ie'Illll
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trainingn exercise. The c',nclusior. in not that team training
should be discontinued, but rather that more Lmplnsis

should be shifted to individual training.

Wagner et al. (1977) did not agree with the Hall and Rizzo (1975) conclus'on cited earlier that more
emphasis should be placed upon individual rather than team t-aining. Althoufh certain stadies suggested
that team training wag ineffective when the tasks required individual skill., investigations in more
emergent contexts demonstrated the utility of team training when interactive skills were important in
accomplishing the task (Wagner et al. 1977).

Summay

It seems apparent that those individual characteristics that have been demonstrated to impact team
proficiency and can be trained should be trained. Those individual characteristics which are important to
team cutput and cannot be trained should, if practical, be criteria for selection in assigning personnel to a
particular team. Consideration should also be given to ensuring that critical individual qualities are
available when needed. The Laughlin and Johnson (1966) method uf combining unique team member
resources deserves.consideration as a way of doing so, especially in the area of decision making. The point
ihould reiterated that most team performance investigations require the consideration of something more
than the additive combination of individual contributions.

IV; TASK CHAlAMe 27SSI(

One, of tile major reouo of the, post (few) desdet of
military training research has been the recognition of tile
hIportance of task chlaroIeteriltics for the offetilventvos of
different training variables.

.*Iekstratd, 1%4

Establhed vs. Emergnt Situations

Boguslaw and Porter (1962) made an important distinction among the variety of system operations in

which teams may engage. They described a continuum with "establihed" tasks at one extreme and
"i"emergent" tasks at the other, and defined established situations as those in which relevant

environmental conditions are identifiable, relevant states of the system are predictable and current

technology is adequate to predict consequences of alternative actions. An emergent situation was defined
as one in which the relevant environmental conditions are not identifiable, the relevant system states do

*. not always behave according to predictions. and analytic solutions are not within the current state of the
technology.

Purely established team functions are anticipated and planned for during system design while purely
emergent team functions must be considered by adapting immediately to unexpected contingencies. No
realistic team function is likely to be purely either established or emergent. The degree to which activities
can be anticipated is a measure of the degree to which the situation may be considered established. It may
still be possible to offer some degree of preparedness for emergent situations, but that preparation will be
qualitatively different from the preparation possible for established situations.

Boguslaw and Porter considered team training one tnethod of dealing with emergent situations. A
number of considerations for effective training of teams in emergent contexts were discussed:

1. "Orientation to team goals" was considered important for fostering an understanding of the
consequences of operator actions. "Spelling out" the team's goals allows for the formation of a more global
or;q-ntation and provides a direction for actions in unexpected situations.
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2. -Training in interdependenvies" was described as previ'ding an awareness of the interdependent
relations between team members. Effective' tearn performance wait described ats an interaction of various
member functions in which individuals have to accept the information inputs of others.

3. "Training for error iinalysio" emphac~ized the( ability to recognize one's own errors so an to initiate
c'orrec'tive actions rather than attempt to hide their occurrences or transfer blame to someone Jsfe.

4. "Training for sensing overload" wast duggested as laseful for identifying when to ask for help as
*well as sensing when a team member is facing, ant overload situation and may require help.

5. "Training lin adjustment mechanisms" %as considered important when a team is overloaded. The
mtethods included cueing, the onimissiote of someo inputs, permitting vertain errors, filtering,
approximating. increasing the work flow ('hannels. chunking information, or simply abandoning a
hopeless situation.

P*
Team Training Load

Morgan, Coates. Alluisi, and Kirby (1978) defined teamt training load as the "percentage of untrnined
miemiberst in a crew. lin their study of the effects of team training load on training and performance
effectiveness, load was varied from (Ito 100 percent. Five- member teamis were trained to perform the

*1synthetic work presented with the multiple-Task Performance Blattery, Each teani trained and workedJ
toge'ther for 8 hours per day over 0 consecutive days. Both the acquisition of individual skills by the
untrained membhers and ((ean skills by thfe teams were asstessed. The authors' results and conel upili ktwere
as follows:

it. 11 fi11. seee 4-ffe'.iivel'ixeN Alf a lesgil IN deigradedi hII.*Ii eire~el prootieutliii tii flit,' wie'ii ralihiipi toat - Iie, in
Ati,' ie'r'e'iiaise' o( 11eil rsce~d itte'liberN uael"1ie'd to the'

2. Thte. dete'ernieute re'eiflix froom fite pooerter peirfoi oiiiuwip
of ti ll- ieii ralhit-' Inditvhtidutidt. itei'd 111 lint advene'ty
Wfiwei fi te titpter te've'st (if perfrioeaeii'e' of flit- trahe'd

:1.'Tht iiloie'iiit ii-dwo eo ttanuloO

Iiiete'il'iiiti'iii of fiti ii'siie1 I rueiblig ioadIt Ni1101al l est lt iis
r-e's't iO tee' iuse'.tle (asytoliii~ett ') t-i-INtc lit peerforitisoiaie
iii flit-Paii'seie' do lice' oieel ier weirli, ii'siiii wiltih highi 14,011
trwitiltiff eoado Initial~ ly siiffe'rm'i pri'esi' ete er e'iii fit
peerfqoriii sne' b'f''uiiiis.le riwoeve're' Ili te ittio'Mle
teeral'ti~ lt h1ip s itaie' wli tislowerii-i c it rainhii ile' cih

ihrsiileiv iflint's fit,'ueii lit-ipo oifwe' Pie'i e r I r ole l, ofsiN
re'e'eie'ry, - ililoi liviiiip a re'sii of i lt , i ie 1re'tieir ii iii iir
(if' fldictvhidote Impoingie~i (t1oee'iee Alle'y We're' Iei0iatty

4t. ht'sepus we're oo-i'seeielaiy he'eei eat for ;ce'rfecviante'e
icie'siere'd hli irrois iaf elhher Indceitlvees-sklttI or iviiiii
Nkill peerfeerieeanie'e with soinic rielatiolty nihioer
I-xil-ie.tlooite (a) iflit- le'aeii-skill cui'fee wsriaceee are' more'
re'sisiiini tit der'e'reui'i s with i e' lower ie'arn t rahinin
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The authors suggested field testing for verification or modification, and although "untrained"' for a.11 laboratory may not directly translate to "untrained" in an operational context, they made tentative
recornime ndatIions for lthe mintlnenance' of operational combat readiness when personnel turbulence and

turnover art, severe:
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ISumnmaz
4 The research reviewed converges upon the established-emergent task distinction as a critical

constdecration in the training of teams. Whether or not conditions can be anticipated and prepared for has
'I an obvious impact on what should, or even can, be trained. Established situations suggest training in

procedures and policy. More emergent situations suggest training in decision making and perhaps
instruction in what not to do in certain potential circumstances. Certainly, the considerations proposed by
Boguslaw and Porter (1962) for effective team training in emergent contexts deserve closer investigation.

Tream load appears to be a measure c: 'ask difficulty, whether the difficulty is a function of the
number of less than optimally trained team nmembers or the task specific factors listed by Alexander and

S(Cooperband (1965),

The notable ea.eption to the inverse relationship generally found botweea task ,oad and team

effectiveness found by Chapman et al. (1955) mny he related to their attempted creation of a "full-scale,
real.life organizational" atmosphere, Their ouggestlono for the promotion of organimatlonal learning

! 'I appear to have merit.

The importance of adequate training objectives has long been recognized in the educational
psychology literature and should not be overlooked in the conduct of training for teams,

S~~~V, TE'AM (CKAIIUrl2,11101C

Orgsnlutlm and Structure

Team tasks ,may be organized in "series" or in "parallel," Series tisks are constructed such that all
relevant individual responses must be performed at acceptable criterion levels for a task to be considered
osuceeossftlly conmpleted, The parallel task strticture considers a responuie correct if responses by one or
iMore' niegIbers of the team are appropriate, Klaus and Glaser (1908) utsed this distinction as one criterion
"for differentiating between a team (series) and a oinall group (parallel),

The nature of the task and its Interdependency on other tasks will greatly impact how the team will
be orgauiv ed, The organiizational variability that (an he manipulated, however. van influence team output
(Meister, 1970(), lBriggs and Johnston (1907), for example, reconimmended a hierarchical structure for the
organization of teamas, This orlanizational structure allowed the team decision maker more coutrol over
the now and exchange of data among the members and miinimied inforanation-provessing capacity
limitations,

Kennedy (1962) conceptualized the cooperative human organization as a kind of "synthetic
organism" in which individuals become components or organs of a different entity, Temporal processes
(growth and development) are the outstanding aspects of the organismic view of a team, and performance
i'ffev'tiveness is a function of level of development (Alexander A Cooperband, P965), The process of
adaptation by the team to the emergient characteristics of its environment accounts for increased
performance effectiveness, The emphasis is on cognitive aspects of learning. If this concept of the team as
a developing organism is adopted, the objective of team training would be to raise the team performance
level by raising tlhe level of team development. The types of questions to be answered in a research
program oriented toward the synthetic organism point-of.view would includet

I, What kind of behavior can be expected at various stages of development?

2. How can these stages be recognized and measured'?
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3. What processes underlie changes in team behavior?

4. How are these stages of development and their representative behaviors related to team
performance?

5. What manipulatable factors affect the rate and level of development of the team?

Morrissette, Hornseth, and Shellar (1975) investigated the effects of two conditions of team
organization (division of labor versus redundancy) on the detection of randomly presented signals shown
on circular display windows, Under the division of labor arrangement, each member of a two-man team
assumed responsibility for signal detection on different display screens. The redundancy arrangement I
members each monitored all displays. Redundancy provided a back-up capability which reduced the
probability of eion-detection of signals whereas division of labor reduced individual team member

* workload. Long detection times were found under the division of labor team organization but not under
the redundancy arrangement. The authors concluded that for the type of monitoring tANk used, a
redundant team arrangemtent was considered more effective,

St

In the United States, it Is generally assumed that the spirit of comnpetition is the best atmosphere for

Progress.tbnes (905):took eception and drew ait illustrative contrast between the concepts of

199) oprtveNtain oi described as "prumotlvely interdependent" with respect to goals, in
tha th moe- ertif inyindvidnaltoward a goal Increasies the possibility of other teamn menmbers

reehn thtgaCoieiiit Ouationsi were seeti ai, "contrlently interdependent," hii that the
m i.n of W any prIendividuli changes ntdecreases other members of the team reaching

thegoa. Cmpeiton oo tio ii acorrosive. destructive .orce wah, e cooperation wast viewed as lending
Itself tow ar posthee states of groupfevelngoopmertanteion roviewed so promoting both verbal and
nonverbal commnunications leading to a closer feeling ol' group involvement.

With resWpct to cooperation, Alexander and Cooperband (1905) dedvrIbed It as "learning the
strengths and weaktesses of one another, learning when the others want help and when they do not want

Sit, learning to pace one's activities to fit the needs of all, and learning to behave so that one's actions iore
4 ~not ambiguous."J

McRae (1906) believed that the effectiveness of small corm lar t teams (U.S Army) Is a function of the

degree to which team members cooperaiye and coordinate their effortba The objective of the study was "to
discover and apply principles for the design of team training that will increase team cohesion and
efficiency. . . and to test whether such training will affect the individual's behavior when he is assigned
to a team other than the one in which he was trained." In an attempt to train the desired behaviors, team
members were required (a) to attend both to what other members were doing and to the impact of their
behavior on the group task, (b) to communicate relevant observations and suggestions to other members,
and (c) to perform the function of other members who wet o overloaded. The information to be extracted
Involved the relationships between the Interaction of a working team ntitns effectiveness, The task was a
group mane problem that could be solved only by verbal interaction of ill team members. It was found
that information exchange about specific aspects of the tas'k was pooitively related to team effectiveness.
Information exchange about team procedures or organizeation did not produce the same beneficial results.
The data also suggested that more Interaction was required for more difficult tasks,

'r Net zm twos,ý

4,
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Cooudlitation

Crew coordination may be defined from two different perspectives: as a synchronization of action
within a group, or as the improvisation of responses among group members to meet situational
contingencies (Hood, Krumm, O'Sullivan, Buckhout, Cane, Cotterman, & Rockway, 1960):

A group of persons or objects, working to fulfill a common

purpose, are said to be coordinated when they behave as
required within a time scheme or cycle,. . All
coordination ctitvities are listed as standard operation
procedures (SOP). andti all formalized crew procedures are
essentially of thi type, , Crew coordination may also be
viewed as a measure of the extent to which individuals
participate effectively in solving problems for which a
stock answer Is not availahle to the crew as such,

The essential characteristics of the latter type of crew coordination were listed by Hood et al. (1960):iA
I . Each trea mmblwr identifies and shares the group

problem and objective in addition to his own
responsibilities.

2. Each team member responds at least partly as a
function of the responses he ohberveo other team
mtentbers make,

3. Each team mneniber pays attention to the responses
made by at least one other team member with respect
to the lesie objective as reflected in the, second team

wmember's responsibilities and output,

Team coordination may take different forms as a function of the context in which it is rmquired. A
relevant distinction within the team training context is coordination within established vs. emergent
situations. "In the established situation, events are repetitive and predictable and there are specified and
detailed rules for handling them" (Hall & Rizzo, 1975). Coordination may also reiult from planned and
executed individual asts. In this context, the individual skill attainment is an important ingredient and
effectivenesis may be viewed as the sum of the individual proficiencies. An example is the performance of
a symphony orchestra following sheet music and cookdinated by a conductor.

"In the emergent situation, events are unpredictable and there may bh more than one equally good
solution to a problem." Coordination is a product of member interaction with improvisation and
impromptu response generation. Individual skill remains important, but rigid formats are not adhered to
and the end product may be more than the sum of individual skills, This situation is exemplified by a jazz
ensemble which performs relatively free-form with variations naturally emerging.

In examining, crew interaction and coordination. Hood et al. (1960), reported a series of teasts given to
B-52 crew subteanms, An Operating Procedures Teat was administered to measure awareness of the "who"
and "when" aspects of task accomplishment. An Academic Cross-Knowledge Test was given as a measure
of knowledge of "who does what" in a crew. A Leader Behavior Description Questionnaire concerned with
aircraft commander traits of "consideration" and "initiating structure" was given to assess the
relationship with crew proficiency. Finally, an Attitude Inveatory was included to assess crew members'
attitudes toward the Air Force, toward their specific job assignment, and toward other members of their
crew. A fair synopsis of the findings on the manner in which crew coordination developed follows:

In the absence of specific rules regarding standard
operating procedures, crews will tend to develop their own
r roxedures, These will be similar in most instances
beca'suse of equipment location and crew training),

although inexperienced crew, will tend to develop ways of
accomplishing tasks that are unlike those used by niore
seasoned crews. As crew members gain experience In
flying together. their attitudes toward each other are
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it'odifie: ito becoiu ini ore accepting Sintiottaneoux with
ihim attitu jde niodifjiatioti thtere. develops an inicrease Jn
flexibility. Crew interaction in inc'reased to the point
where. depending upoan eiriumeitancem existing at the

- minient. thbere. 6 an inte~rchange (if tespontihilittte.

( rewi with It m I n~ctuut flyintg e~xperie~nce seeniit in tdjicate a
iuertain rigidity in sceo'nipliatting taskit. in the senite that

t liters- isi a reliance ott ntture fixed operating proceduares. As
t heme criwA gaint expe~riencet. they either discover for
ilitonselves intuprovud waym of auiiunuplashing taskit, or they
learn theme fromt diticussionst with other crews, In either
event, they conforn' to methods; umed by the mnajority of
Crews.

As weatpton bl't egatn to require inure sop)histicated training devices to realistically simulate
oplerationtal probuldem ýituations, operators were required to pace or sequence their activities with other
operators. As comrtplex a-, traitting devices and simulators were at that time. they provided for the
simuta netaol(us t rainin lg of' not more than two operators.

* tltt' Krtttttt (1959Q) rel,ottrud ant early assessment of fthe- value of liniking simulators or training devices for
Jthe purose of promtttotig crwcodnto.Tedevices electronically coupled weethe B-52 Flight

Simulator atnd fltT i-2A Ratdat Traitner which allowed two pilots and two navigators practice on a wide
range of tasks which required coordittatlon. During simulator flight checks. items were selected in terms*1 of their orientation to iimtdividual proficiency or to crew coordination activities.

'l'ht(- atuthor voncl utet t hat proper its( of integratedl flight simulators did result in an appreciableI
itmprovemnltt ini crew skills even thotugh statistically significant differences in crew coordination skills
wt'rt, tnot found for fit- pilot groups and only slight. but significant. differences were found for the1:1 itntvigattor grouips. Tlhe lack of pratctically significant differences was attributed to the fact that the crews
had received all1 of the~ir aernial instruction before flthe final simulator test wats given. Any differences as
result ttf flth, integrated simtulator missions could have been neutralized during the aerial missions.

Rieseartct rteviewed by Collins (1977) indicated that the development of coordinative skills is
itmportamnt Its tWatit tui'tttlers' "knowing what to do. when to d& it. and particularly why they should take
particutlar actitonm.- lie summarized the c'oncepts believed to foster the development of coordinative skills
to include "anm awareness of flthe total system by each member and the relationship of his task to all other
tasks. and understaniding tof flth- tharaeterioticst and ftunctioning of the environment and the relativeI
imtportance of various events, antfi th- development of innovations for better organizing team activities."

(Ounmunleation)

Glaser and Glanazer (1955) broadly referred to commnnitication within the team structure as "all
interactiotn between teami nietubers and bltetxven the team and the environment that is necessary for
accomnplishing a task.- C;omtmutnicationt uttpttts from one individual serve ao inputs for otbets team
members. These- communication "links" were analyzed to describe team operations and 14 descriptive
variables were idetntified:

1. "Link frequenr'y" referred to tit(- numtber of communication links over which the members of a
leant communicated and %,.s considered ait indication of the complexity of the team's communication
struacture.

2. "Contaiitnication frequene; concerned the extent to which links were used and was considered a
measure of teamt activeness.
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3. "Councurrent ac":ivity" was a measure of the extent to whi.7h team members all acted at the same
A time which controlled the availability of team members to take on additional responsibilities during busy

periods or during a reduction of personnel.

4. "Process differentiAtion' was a categorization of tasks in terms o. a number of classes of activities
and was considered a measure of the type of team (i.e., observing type verus decision making type).

5. "Input magnitude" referred to the complexity of input stimuli and described the extent so which
the team handled several simultaneous inputs.

6. "Scquence predictability" reflected the extent to which team functioning could be predicted on•..••i•the basis of preceding acts. High predictability was considered to lead to fewer operating errors.

7. "Intra-teamn dependence" concerned the extent to which team inputs were generated by other
team members amid was considered a measure of team self-containment which was believed to lead to
better team control.

8. "'omnminication mmedia'" implied different problems with reliability and different training

requiremncmIts.

!Q. "Communication signifiance" referred to the processing and integration of messages by a control
:': 1individual on the basis of relevance to the team goals.

/ ~10. "Output irro-ocability" described thec extent to which a teaml output could not he Correc,,-d or

changed. once mad,.

11. "Anticipatory cuing" referred to clues in a sequence of activities which came from activities
several steps earlier and served a preparatory function.

I' •12. "Urgency" was a measure of the speed and pressure requirements tinder which team operations
took place.

13. "Saturation" considered the likelihood that external inputs could occur at a greater rate than
could be adequately handled.

14. "Supervisory and emergency ratio' described thie' inclusion of a supervisory structure and its
usefulness in emergency situations.

Radio communications between ground controllers and pilots were investigated via simulation by
Loftus, Dark. and Williams (1979). It was hypothesized that processing appropriately with controller-
issued instructiops could, tinder certain conditions, heavily tax a pilot's memory. Frequent problems were
expected to occur when (a) a controller message contained more than one instruction and (b) it was
necessary to perform some kind of distracting activity between the !ime an instruction was issued and the
time that the instruction was acted upon. The manner of encoding numerical information was also varied.

The major results were predictable from theories of basic human information processing. Much of
the variance appeared to be accounted for by what kind of information was being recalled. Place
information was remembered well, frequency information was remembered relatively poorly. and
memory for vode information fell in between. The number of messages that the subject was reouired to
remember had a large effect on the probability of responding correctly to any one message. Forgetting

occurred over an interval of 15 seconds following message reception and the encoding scheme accounted
for a relatively small, but reliable, amount of the variance.
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Irrelevant (non-required) commnnivatiotis were reported by Meister (1976) to have a negative effect
on team performance. Air i)efense operator performaniv. assesuments indicated that a prtio" ,uf
communicative exchanges were social ih. nature and contributed only to changes tn morale. It was
recommended that team communications be r '-iimized except when required informiation could bu
secured only in that way.

Meister further reported from his examination of the literature that visual communicaten meth. ds
were more effective than verbal communicAtions in aerial intercept studiev ivonducted ut Ohio State
University. Teams trained with visual channels alone performed as well ko those trained with both visual
and verbal channels.

Differences in teasi performance were also reported as a function c. f both communication structure '
and communication pattern (Meister, 1976). A structure which permitt id more direct transmission of
information was preferable and the pattern of messages changed as a fun ltion of both training and t..,.
characteristics, but the practical significance of these el anges was e!uuive.

Team Composition

Meister (1970). in discussing team composition, first distinguished it from team organization by
specifying that composition facto-s do not vary when the indiviuual a..oves from one team to another watile
organizational factors are relat d to the ,ay individuals are uscd in a given team.

Personality variables were emphasized as a contributor to those team member behaviors that were
not considered system otput:i. The literriture reported by Meister suggested that team composition on the
basis of member personal preferences fostered more achievement and job satisfaction In eontriat,
heterogeneous groups were found to prnouce a higher proportion of i,;gh quality solutions. Heterogeneity,
in terms of ability, was also found to produce superivr performance. Task factors appeared to he the

driving cot;dilion. It was suggested that heterogeneity is desirable in problem-solving groups as each
" member bring, different resources to address the problem. Homogeneity was considered atdvantageous

with non-cognitive tasks requiring cooperation as homogeneity may he more cond,,eive to coordination
activities.

Size/Deelson Rule

The effects of team size and the "decision rule" used to define what was meant by a "'"erm response"
were investigated by Waag and Halcomb (1972). Team size varied from two to five ..,embers each. The
decision rule was either a parallel arrangement in which the team re-ponse cotuld he produced by any one
or more of the team members, or it was a series arrangement in which the team response was prod, iced by
the combined responses of all team members. The task required the monitoring of a visual di, play ;a
order to detect aperiodic signals which occurred against a background o'f discrete regularly ecurr;, i
events. As team size increased, detection performance increased inuependent of the decilioa: ;.:e
employed. As the decis.on rule moved along the continuum from purely parallel (requiring onvl onr team
member to respond) to a five-member series arrangement (requiring all five members to correctly
respond). detection performance deteriorated. Along with an observed maximization of detection
performance with parallel teams, a greater ..umber of false positives were also found. These false hits
increased as a function of team size. Under (lie ieries arrangenm -,t. false alarms were completely
eliminated. Rules derived by the authors inchlded the use of the parallel decision rule when one is
interested primarily in increasing the number of c rrect detections, the use of the series decision rul
when the interest is in minimizing false alarm,. and duplication of team members if the goal is to

minimize total errors.
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Meister (1976) reviewed the relationship between t4 am size and team performance. He rep, t that
teams solved problems more rapidly and correctly than ii.dividuals, but not proportionately so. If th. eam
performance output was described in units per individual, t;,,- advantages of multi-individual groups
became less apparent. This may have resulted, in the team conditioni, from a diversion away from the
primary task toward integrative and coordinative behaviors. Meister conc!uded tiat the nature of the task
performed is probably the crucial factor in determining the significance -f tear. i size.

Sumnmary

It is unlikely that the organization and structure of "real-life" operational teams is flexible enough tu
allow serious study of this variable. Any attempt to study organization and structure by altering it in any
context other than a fully independent simulation is likely to meet with considerable resistance by nature
of the obtrusiveness of the research. A fully imidependent simulation of team training is questionable at
this point by virtue of the uncertainty about which variables should be included for effective transfer.

Cooperatior. coordination, and 'ommunication deserve serious consideration as significant
parameters in the training of teams. Particular emphasis should be directed to these characteristics in
emergent contexts. Considerable evidence has been collected which suggests that these may be the
qualities which cause team outlput in emergent situations to constitute more than the sum of individual
inputs.

Team composition variables may be defined as collective ;ndividual characteristics and learner
strategies and could be considered the interaction of these individual properties. The value of team
composition. then, may be regarded as a reflection of the effectiveness of various combinations of theV lindividual characteristics and strategies discussed earlier.

Adding members to a team in a parallel arrangement appears to have ,erit for critical tasks. The
excess manpower and additional expense are warranted in situations where an error may have grave
consequences.

* For non-critical tasks, an effort should be made toward the "optimum" team size - that which
allows maximum efficiency with a minimum drain of resources.

VI. KNOWLE [ME (W RLtIILTS

Team Feedback

Knowledge of results. while considered fundamenti.1 in the learning process. leads to somne .mnique
problems within complex team training environments. Three considerations listed by Alexander and
Cooperband (19o5) form the context from which these problems emerge. They include the vaguenevs and
difficulty of objectively specifying criteria ior effective team perf,)rmance and the probability that team

skills require different feedback procedures ihan do equally important individual skills and that the two
forms of feedback may interface .Yith one another.

The following series of studies performed at the American Institutes for Research contain many of
the considerations discussed earlier in tl,.is review. They are reported here as a unit because the orientation
of each is toward knowledge of results and a relative disregard for the individual contributionas within a
team.
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Klaus and Glaser (1960. ;908. 19701). asl part of activities performed at the American Institutes for
Research Team Training Laboratory. adopted a view of the team as a -single response unit" having

* I perP~rmance characteristics that respond to operant conditioning techniques much as an individual
re.sponds.

This view b)y Klaus and Glaser (1960) of the 'earn as a -nmodular unit having performance
(liaracteristics which c-an be effectively influenced to providAe hig-her and higher levels of proficiency" was
a c'onceptual i'/at ion of teamn performance with .1iree I~agi(' assumptions. The first was that the teams's
output depends onl defined memiber inputs. 'rhe second was that the team itself can bet considered a unit of
investiga~tion with manipulatable responses independent of individuai performances. The third
assumption allowed that team performance varies with the censeqmences of team responses just as
individual performiances vary with individual consequences. *

Based upon these assumiptions. a program of research was instituted to measure the team response to
various reinforcement contingencies (Egerman. Glaser. & Klaus. 1903: Egerman. Klaus. & Glaser. 1962-,
Glaser. Klaus. & Egerinan. 1902: Klaus & Glaser. 196g). 1965. 1968: Klaus, Grant. & G;lase~r. 1965: Short,

C;ottoni. & Klauis. 1968),

.4 The. a('quisition and extinction of a team response was investigated (Glaser. Klaus. & Egerman. 1962,
Klaus A (;laser. 1908) and the data yielded performance curves very similar to those that would be
exec~E(ted frorii st udie's of i ndividual blehavior. The teamt response demonstrated positively accelerated
response acqIi~i t ion c'urves: negatively accelerated extinction curves, Spontaneous re( .er and savings
inl terms of response reacquisiticn. Of particular interest was the observation that individual proficiencies
aippeare'd to reniain (onstant conc'urrent with imiproveme'nts in the teami as a unit.

lIn a continuation of the' Team Training Laboratory's investigations, the effects of adding an
additional mnemmiher tf, a team were assessed,. The oddedi nimimber served in a parallel mnow' with an existing
teami member Stich that a correct individual response by either Member c'ontrib~uted it) a correct teaml
response' (Egermnan. Klaus. & Glaser. 1902). Adding redundancy to a team was found to produce a
det ri men talI effect onl tea ni performance. With the parallel arrangement.* one meni her could performi
incorre'ctl y and~ if' the paral lel nimieber performned corri'ctlv . the incorrect member's i napprop)riate
he ha vio.- wotil I(1 h rein forced btecaiuse of the correct tea ni response.

E;ge~rmian. G;lase~r. and Klauis 0I903) further investigated the e'ffects of teami organlization tusing three
two-mnibe' uh'r teaint a rranmg4're'mm is. The se'rie-s a 11( parallel a rranugemenmt s were usedl anrd am " inrd ividunal"
Wa:in mma rramilgenmerit was ad Ided . inr whIiich one pre sclec t(d team mnremb er's performance14 was reiniiforced. The'
Series t'amins showed slight imlptovment over pe'rformnaimce trials. l'aral idte'rs oee.soedaI
(le'ei ye iii pe'rformance44 p rof iciency. The mnembn e'rs of thle' ind iv idual tams * u poni whose' perform anmce' tea iii
otil t p ct depe'nd (ed. Showed Sli ghlt inrcre'ases in proficiency while' the other itea ii riete' mers showed a 20%
re'ducnt ion in p~ro ficie'ncy( a, a fumnct ion oif rei iiforce'me mt for hothi corre~ct anrd i ncorrecet ie'rformmianrce'.

''ll(i4 fifth report iii this se'rie's (Klaus & Glaser. 1905) reported on teamt learning as a function of
hniner le'arn~ing rharact,-risties and practice! conditionsm. 1'hree-rnienber tealms were' composed of

indeividuials of low. mnedium, or high proficiencies based on performance during individual training. The'
tea nis we're' further differentiated on learning ability (fast versuo Slow le'arrie'rs).,#,iWay in the initiation ofI te~~iam trainiung following indkik'. aal trainling. and homlogeneity o~individ nal pm'ifie'ie'ney within teams. The'
prmruary findings of this st, 11v suigge'ste'd that it was ''individual 1m4rihenir proficie'iecy. or leve'l of
attainment. and not memnber '--arning ability which was predictive' of team acetuisitiori rates."' Arid

V ~fuirther. that ''tean? actlt,'sitioli wais a direct function of the conditions and Sc'he'dule' of team reinforcement
duiring tearm traininig as de~termrined by the probability of a correct teanm re'sponse.-
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The remaining two reports in the American Institutes for Research series investigated supervisory
furnished reinforcement and the simulation of team environments (KWaits. Grant. & Glaser, 1965. Short,
Cottoni, & Klaus. 1968). Added reinforcement by a team supervisor had as its purpose the maintenance of
individual proficiencies; despite a lack of team success or as a supplement to individual reinforcement in
the c'ase of a c'orrec't team output. The combined use of team and individual reinforcement did lead to
more rapid development of team proficiency. but was interpreted as functionally no more valuable than

* additional practice.

* Short, Cotton, and Klaus (1908) studied the potential advantages of simulating the team setting as a
learning environment for a single individual, Three studies "concerned with diminishing the effects 4~ a

4 reduction in the frequency of reinforcement attributable to to-am formation" demonstrated that it was
possible to "sintulate the key conditions of teami training with only one subject and that simulated
e nv iron ments are conducive to the study of factors affecting the development and maintenance of a team

A response" (Klaus & Glaser. 19068). Accurate simulation of team environments was seen by Klaus and
Glaser (190)8) as producing three advantages. They inicluded a mnore replicable stimulus environment
leading to better isolation of main effects, a reduction in research costs due to apparatus and/or the
inclusion of larger and more complex teanms for investigation, and a way of determining when sufficient

4 imiforination has been collected by observing when the simulated teamis begin to performn similarly to the
regular teamns ini the laboratory.

The effects of individual versus teami performanace feedback on a perceptual mtotor task were studied

by Nebeker. IDockietader. and Vickers (1975). Individual versus teamn feedback and raw scote versus
percentile versus no feedback were varied. The authors hypothesized that the effects of feedback would
be motre pronounced whent directed to the individual as opposed to thie group. 'l'hc'y also predicted thatA
feedback effects would be additive ini that the combination tof group and individual feedback was
expected to produce' higher performance levels than either alone. It was additionally hypotheuized that
pter'enitile' feedback. Ily virtue (if its comparison value, would increase the positive effects of feedback.

~.. .~ Beinig identified as a teamui member did tnot. of itself, increase or sustain performance wheni effects of
fe'etilavk were controlled. Individual feedback was not found to be more effective than group feedback
andI the' effect of providing both types of feedback did not signific'antly improve perfortiiaiic'. The results
also indicated that individuals do perform better with feedback thtan without. but that it did not matter

* ~whether the feedback was in perventilt' or raw score form..

A po ssiblei exphi mutt inn fol. the lack olf posit ive finid ings was in th lty i'pe of grnoup construc~tion usedI.
'lThe groups we're' ittt ecemst rue ed it) einiaizPbsie gre'ate'r in te'relepeimede'nee anid coordination. The
in terle'pe'nile'net in this si ecel was Iiliidite't to) that accrueid t brough so nined grouip (lit l)ut and no rewardst
"Wf' Ofe tfe'redt as ii ..l eme' il'it to pe'rformi.

Te'ami (Oeanieux lFte1urk

'ThI:.' te'ivitivo-e'iss oIf provitdinig "'teamu tconse'nsus fetedback'' to Armny surveillance imuagt' interprt'terot
wtes iivetigatt'd byCic ekre'lI (1908). Buased upon thle following two) general principlles. five feedback

c'ondlitions and A t 'mimIo we're varied: (1) If multiple' image interpreters indltpeidetietlv arrive- at the( samne'
itle'ntifiecci ttii. ii'- ide'nlii i at ion tarries a biigh p~rob~abilIity v(f bteing c~orr'ct . anid (2i) Intt'rpret'trs who
dliseuss toi fIetii~g itde'ti tfi cat ions oeften i re~sol ve the' confl ict by agrte'i ng u j)oi the corre'tt i dent ificat ion.

A ''serial consenstus' fe'e'dback coiidit ion involved thre'e-ne'neber te'nnis in which membe'rs ide'ntified
different imagtes aidtl then traded st'ats in order to cht'ck the work of their te'aininates. A distussion phase
foellowedt. aild a te'aii de'tt'rminationi was miadt' by majority vote'. An ''immediate conse'nmuit feedback
condition retquire~d e'xami nation oIf the samne image by' all thre'e, te'ant me'mbe'rs. Intdividual results we're'

ov'trliive't and compitlaredt with the' final le'te'rmiination again iidt' hiy majornity' vote'. A ''delayedl
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consensus" feedback condition was similar to the immediate condition except that three different images
were evaluated by each team member before the discussion and consensub judgment. A "precise team
feedback" condition was similar to the immediate condition except that the ter ,n was provided with
correct location and identification information following each team determination. A "precise individual
feedback" condition required all interpreters to perform as individuals and correct information was
provided as feedback. In the control condition, all interpreters worked as individuals, and no feedback

!I was provided.

The primary results are listed below:

1, Interpreters working in teams with consensus feedback showed greater overall improvement in
performance than did interpreters working alone with no feedback.

•' i2. The consensus feedback methods in which interpreters checked their teammates' reports after
each image determination resulted in greater average gain in proficiency than consensus feedback after
multiple determinations.

3. The precise feedback methods resulted in the greatest average gain in interpreter proficiency.

4. Differences among the experimental methods were attributable to improvements in target
identification rather than to improvements in target detection.

The major hypothesis of the study prediced that "individuals working in teams with consensus
feedback would improve more in performance than individuals working alone with no feedback" and was
confirmed. As a method of maintaining proficiency. the team consensus method also appeared to have
merit.

Four follow-on experiments were reported by Cockrell and Sadocca (1971) in which the tewm
consensus feedback method was further investigated as a technique for maintaining and enhancing the

proficiency of image interpreters working with surveillance 4ystems. The ise of team consensus feedback

again resulted in performance improvements over a control team operating i-adividually with no feedback.
The greatest improvement was again in the area of target identification although reductions in the number
of false alarms were also found. Low proficiency interpreters showed the most significant gains and
interpreters assigned to teams that were heterogeneous in terms of proficiency achieved greater gains than
"did members of homnogeneously constru(cted teams. The results suggested that low proficiency operators-['- gained through their collaboration with more efficient operators. There wait ,o evidence of a main effect '
of team discussion or team size.

Contrived Feedbaek

Team output is more apparent, and therefore easier to absess. than is individual output within a teamni
context. Consequently. team members are generally more likely to receive team feedback than individual
feedback regarding their individual levels of performance. In a study by Johnston (1907), team feedback
was fabricated by instructing subjects that (hey had a partner in a tracking task and that post-trial
feedback represented a team score relative to average tracking performanco. The feedback provided
actually represented that particular subject's perform,,,ce relative to a "manipulated criterion" which
effectively varied the levels of "team feedback,"

The subjects accepted credit for good performances (often solely a function of a lenient criterion) and
blamed poor performance (actually due to a more stringent criterion) on their contrived partners. The
results were interpreted in support of team feedback as a determinant of individual behavior motivated by
a desire, on the part of the individual, to produce above-average performance.
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The identification and correction of individual errors was cited by Hall and Rizzo (1975) as a major
aource of difficulty in team training. The value of providing error information as feedback warn not
questioned in established situations, but in more emergent-type situations, it was hypothesized that error
information might perpetuate the procedure used. In complex team tasks, there may be more than one
correct procedure. If a particular solution generates feedback confirming it as correct, the likelihood of
that solution being applied in subsequent similar situations is likely to increase with a corresponding
decrease in the probability that other correct (and perhaps better) solutions will be selected. The authors

-4 suggested that "training scenarios should be analysed to determine critical procedures, decision points,
communications, and coordinated activities which may be directly or indirectly linked to the mission
outcome. . . . A feedback schedule may then be established for critical mission events."

The types of feedback provided (individual or group) certainly vary with the model of the team
employed. If the team is viewed as an organismic entity, then group feedback is appropriate. If the2.1 individual contributions of :am members are considered more important, then individual feedback is
more important. If the opinion is that a team is some combination of both, then a combination of group

.01 and individual feedback commensurate with their relative contributions to team output seems

appropriate.

There seems to be little dispute that individual competency is important no matter which model is
employed. A feedback schedule which develops individual proficiency with individual feedback and team
p•;oficiency with a combination of group and individual feedbacks seems viable. A combination of both
feedback types in the team environment follows from an assumption that the individual must still
perform to some minimal level so as not to decrease team efficiency.

VU. PEIOBIMANCE O 1WnVE/MEASUIU1I74T/EVALUAT11Or

Performance objectives, to be maximally useful, should be operationally defined and derived from a
deliberate series of steps. They should also form the basis for performance .measurement. Wagner et al.
(1977) described three cbaracteristics of a "systems approach to training development." The objectives
must describe behaviors that will be performed in the test situation, should specify the conditions under
which these behaviors will be performed, and should include performance criteria.

With respect to airerews, the goal of performance measurement was described by Vreuls and
Wooldridge (1977) as the provision of information capabln of guiding many different kinds of decisions.
In order to provide the necessary information, measurement should have "demonstrated diagnostic power
and validity." The authors' position held that adequate diagnostic measurement would have to include
measures of basic abilities, subject matter knowledge, past performance, and current task performance.

.4 Two methods were described for deriving the measurement samples needed: (a) measure "everything
that moves" at the onset and later decide what is important, or (b) initially reduce all possible measures to
a smaller set of measure candidates by some method other than empirical data collection and test that
smaller set in order to establish final measures and formats. Measuring "everything that moves" is neither
cost-effective nor practical and the greater proportion of flight task variability has been accounted for by
fewer than 15 variables (Vreuls & Wooldridge, 1977).

The approach for development ol performance measurement recommended by Vreuls and
Wooldridge was described in five steps. A measurement analysis step, a design and development of the 1st
data acquisition system step, a data collection step, a itatistical analysis step to select important measures
and interrelationships for describing and diagnosing performance, and a utility test step.
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Although derived from an aircrew environment, the following generalizations offered by Vreuls and
Wooldridge are assumed to be applicable to command, control, and communication environments as well.
The keys to good flight performance measuremaent were descrlbed as including adequate sampling of

generally generic decisional, procedural, mission-related, and perceptual-motor skills; clear definition of
. 1 the time frame for observations; clear delineation of the boundaries of desired performance; use of the

fewest reliable data points necessary to compare actual to desired performance- and considerations of
different information forinats which are responsive to the needs, capacities, and limitations of the2• operator.

Glanzer. Glaser. and Klaus (1095) developed a Team Performance Record as a fornmal procedure for
the over'ill description, analysis. and evaluation of team performance, The requirements for the
procedure included hlearness and explicitness as to the nature of the behavior to be recorded and a close
"relationship to the kind of behavior which actually appears in team of the type being observed, Nineteen

* Icategories were initially developed representing critical factors in the performance of Navy teams in
"* general. Within each (,ategory. effective behaviors and ineffective behaviors of observed incidents were
,,' noted. 'T'he final general Team Performiance Record consisted of 13 critical areas of team performance

based on a wide range of ships. personnel, functions, types of teams, and types of problems. These critical
areas were (a) availability and readiness of equipment and materials, (b) comnposition of group and

* assignn;ent of memnibers, (c) briefing and preparation of personnel. (d) interest and morale, (e) safety
precautions. (f) communication procedures and coordination of information, (g) knowledge of equipment
and its operation. (0i) knowledge and performance of individual duties. (i) judgment and planning, (j)

'I (,checkilng and monitoring, (k) supervision and leadership, (I) interchangeability aid assistance among
twana memnil)ers, and (in) performance in emergencies and damage control.

The T'leam Performance IRec'ord was found to be an effective tool for the "'ystentati( observation,
recording, and evaluation of actions which are either outstandingly effective or ineffectiveý with respect to
the a'eomplishnlent of the leam task." The procedure stressed a particular incident rather than a
generalization about thn' teaSll or a team mnenmber, Through use of the record fortis, changes in
performance or newly developed problems were highlighted for consideration in training, The o' server's
attention was directed, by use of the instrument, to the critical aspects of team performance and away
from less significant ones. As a result, the recording of incidents centered oul actions which were critical to
t(eam operations.

'The evaluation of complex behaviors such as those found within the interacting interrelationships of
tleaill behavior is a dificuIt task, (Coneplually. perform ance ineastireenel t anld evaluation are- functions of
the view of teams held. If the team is considered as an organismic entity, performance measurement will
probably focus oil the team product and the quality of that performance will be judged in terms of the
quality of the team output. If the team's performance is viewed as a collection of individual contributions.
then performance ineasureie'nt will usually consider some combination of individual proficiencies (Hall.
1976).

In the process of investigating the techoiques and concepts involved in providing detailed measures
of team. subteam. and individual performatnce. Yaeger and Bell (1977) pointed out that useful measures
should be selehted for their ability to eliminate redundant information, their sensitivity to skill changes.
antd their performance prediction qualities. The authors cautioned against the unsystematic, and often
inappropariate. application of performance measures and pointed to a need to further develop a otn

perfornmane neasure'ment methodology for team training.

Summary

"Adequate team performance measurement is obviously essential in any long-term research and
development effort with the goal of producing an improved technology for team training. The team
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i,. 1 performance mleasurement area is not yet well defined and to some degree reflects the ambiguities
associated with the definition of the team itself, team behaviors, and tearn functions.

Wagner et al. (197"), Vruels and Wooldridge (1977). and Yaeger and Bell (1977) have discussed the
essential characteristics of ar offective performuance measurement systems for teams. A comprehensive
of fort to develop an adequate ineasuremtent system that incorporates many of the criteria suggested in the
previous discussion needs to be underutekn before systematic experimentation can be conducted in the
area, Such an effort would be considerable in ita scope and rests on an adequate definition of team

behaviors as a necessary foundationl.Iy Of particular note anid interest in field data collection efforts is the Team Performance oecord
dfeveloped Ly Glanz~er et al. (1950). The Record could be used as a potential starting plAce for the
development of specific field data collection Instrumnents that reflect the specific objectives of a given
effort, Al~hougii thei Re'ordi wits initially (itveloped for application to Naval toans, the critical areas ht
ineludeh suggest a nlumber o! teom functions that intlst be evaluated when assessing 1tle adequacy and
('omprielnlsivetless of any teami training program.

I'lu' instructional system approach to H ight crew tra~ining holds thast traiti~ng requiremtents mlistlie
defined boy consideration of the clharacteristics of required human tasks, Rather than resort to a ''teachl
e'verythinig posture using all available system informiation. a distinction is inade toward noeessary, "'need
to know" 'onitenti for training. Wallis. Ewart. and Kauifian (1960) described the itistructionid syqein
app~roaclh to I ralining as ''requiring at forimail dvcimion-Illaking provedure, loading ito a strategy of (flight)
tra in ing which is relatively comivi pe . fornis at closed loop,. antd can Ii rovide ma IXI in um .'ffectivtt Ness at
inilumuitin cost.'' 'The atithors delineatei five' functions nec'essary (to this approach to training,

1.A formlal ac'knowledigement of initial requiremelnts. Ati early definition of the purpose and

requiremnl4its of Ilth effort are- deinanuled by definition of the end product.

s4VA.1 Ntqilshi 4 d not be Iomi.

J, A1 c, 5,ýid4'rat ion of the nal ture' ofithe intd iv i d 44 an dw4 thi diidual' va'ipahi litie4s, The nature of thei
ndliv;%!a -i141wle4g4 acq ui red. and t he nalture of thei tas~k are factors lin this fo nettoil.

414. (\I..~aiot f tasks and assigtnment to subsystenms for required training. Tlhis function combines
4.1I4' itidividtti:, knowledge ac'quired(. the iniahiine. its desgign. and its purpose, Fronm this combliniationl tile
* ~required. lirv;-iwe training requiremetll's art! synthesized.

5. A translation of ~the vomnbina loll of operator and machine properties inito course outilines by a
j)ro44'5 of tlintllodm/ni1'Iia se'lecition.

Wallis. Ewart, andi Katifinati vontended that basically two functions have to be trainedi skill aiid
kntowledge. 'rie purpose of th~eir approach to 181) was not ito teach itndividuals to fly, but to train them to
effectively operate the systenm, rhe' difference wast described as all ability to do (rkill) versus an acquired
Illienior of facts (knowledge). Thelu instructional systeill approach was interpreted aso a vehicle for
formalizing decisions on the knowledge level.
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In presenting a stat *of-the-art assessment of instructional strategies for computerlued collective

training for teams (C.OT), Kribs, Thurmond, and Mark (1977) concluded that an ISD approach to team
training has yet to be developed. The authors supported the approach that such a strategy should consider
(a) team task dimensions and team training objectives,'(b) learner characteristics end strategies, and Wc
characteristics of the training delivery system used to implement the strategies. Team task dimensions
Included self-evaluation, team awareness, team attitudes, communication, and decision making. Team
task analysis included considerations of a system block analysis, talik.time charts, functional task
descriptions, and behavioral details descriptions. The learner characteristics considered were Intellectual
aptitude and availability of strategy skills, personality variables, cognitive styles, perception preferences,
and motivation, sex, and prior knowledge variables. Learner strategies included comprehension strategies,

A ~ memnory strategies, and problem solving strategies. The training delivery system considerations addressed
computer-assisted instruction capabilities,

Kribs, Thurmond, and Mark, as well as others (e.g., Collins, 19 771 Faubl, 1976), have noted that a
"total system approach to the design, development, and evaluation of team training is required." It was
suggested that a systematic approach to team training ISD shotile start with a teamn task analysis which

r ~ includes It definition of observable outcomes, a specification of task conditions and a determination of

performance criteria.
Trhurmo~nd and Kribsl (1978) designed and Implemented a team ISD model for the purpose of

developing training materials for the Artiy Research Institute for the Behavioral and Social Sciences. The
F purpose of their Investigation wast to deontantrate and evaluate a computer-assisted Instruction (CAl)

"~brawaboard" for coniputeritted, collective training for teams (cOLT2). The major components of the team
181) approach Incluaded job/task analysis. development of team learning objectives, and scenario

devclolonkent, Inclusive of inotructional strategies.,
'rho ISD model employed by rhurniotnd anid Krihst was reported by the authors to contain Nonme

notable otrengiha and weaknesses:

V IPorootluos Ointo is ts 0tre'nptths Woo the' effie's'y of
inipieome'otiuil the' job/tioik end training analysis. The'

anaysi tothdulliylide~d dtsioetw losks.. with
bothmil~tinoleunextandlean srucuredinioensiotts

Idenutifie.'d The' Jolt/task flowchsrts deipe,'i,,d frnt: this
an~al , tl Also, pr'oved exwepitionally e'fficeint sN vehicle's for
lrsnllatolin the. Jol/taNk and trainting analysis Into trsininitl

' .~~m ,onariop reflecting not only the' task to he wr' ~sorie'd, hut
aslot the' ,nviron mete tat vondit ictit to he' ,lniluated.d

'Phi- weaknoppesof i(lthe' tr'ain 11) niodel we're' lit two
direc~tly retlatoed areas, First, a dialinet de'fke'nvery of lthe'
miodel was revealed In the' forulanitiotn of tr'ain eornins
olijoetive's. Thee niodal Iseks the' nonthodololy for pneparitil
tleriniensl &nit enablitng objerliss's and analysing the'
A hieetivas by learolninp eate'sory. This de'fireie~uey is asoe
relatei to the, look of ,'vahuatiun procedueers In the' model.
More, ape'efically, e'valuatione of the' me'mbe~r acquisition of
tlogin skills (is'., coordinatitng and ecoopt'rative. bethavioral Is .
not Presenit.

Eoggmeler and Cream (1978) described a task analytic technique which was developed to overcome
two major weaknesses of traditional ISD processes: "the laok of sufficient specificity for actual design of
training devices and the lack of an adequate means to address the design of a device for team or crew
coordination training." The solution to thtese problems involved providing only the levels of fidelity that
were necessary to accomplish specific training objectives. A brief description of the technique follows:
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Thrn training device design technique is ha ead upon the usc
of behavioral data In a development processa which
Involves the Intended users of the trar.>',7 devicc, training

r4. psyehologisots, and simulation engineers. A basic objectiveof the technique Is to provide a descriptiotn of the training
requirements that are to be accomplished In the training
device, Training requireme~nto are expressed in behavioral
term~s, Thoese requirements are eventually translated Into
training dovive. requirements. The user serves ass s ubject.
matter expert it. Identifying the Initial set of training
requirements. The user also participaite In the iterative
process which is Involved in translatinig training
requirements Ittto device requirements, The traininql
psychologkis Is responsible for developing aand

N eoordinsthitl Inputs fromi the user, The psychologist also
serves as tilie niterfate between the utser and the simulation
..ngincer, 'l'l. mitgiiieor Is respon~sible for Imptlenptinting
thits training reqtiresnittts and produtcing a design
ipsel~fieatiun .'spshli of satisfying tite reqttirements,

The techittiqun~ described host btetn sttccessftthly used in a number of applications, Including the
design of a team training deviee for ntenbers of the fire control team of the AC.130E Gunship,

stummary

Several ilIIINvStigaors (eg.. Collins, 1977t Foust. 1976& Thurmnond a KrIbs, 1978) have noted the lack
of an adequate ISL) methodology for development of team training programs. Current ISD technology
(e.g.. AlF Pamtphlet 50-58) dotti not include uteanN for adequate Identification and consideration of team
training requirotnenlit. butt rather foctuses on identification of Individual training requirements. An
essential altij itI Improvtemettt of currettt teamt training technology is development of a systematic
approach Ito teamn training program development, An ttssential first step In development of such a
tmethodology Is at technique or means for Identification and adequate description of team behaviors and

J tearn reqttlretnintg.

D~evelopment of a comprehensive 15) mtodel for team training also rests to a considerable degree with
several of the other research areas discussed previously. Data pertaining to such areas ats suggested

$ seaquencing of individual and leant Pkill acquisitiontowlent performance measurement, team versus
* I ~individtual knowledge of results, and the impact of teanm and took characteristics ott choice of Instrutctional

strategy art, requtired inI order to) formulate comprehensive training programt designt guidance.

AN an Initial and tuaiiagetable first wtpinj toan effort it) develop a teamn training nyotems methodology,
high priority should be' given to the- devteloptment of adequate task or fitot,~ion analytic teehniques for
ide'ntifivatiot. and description of It-ain trai ningt requirentents.

IX. (XNCLIJIIONII

D~espite the large atmount of revearclt conducted in the team training area to date, major issues remain
in each of the areas disouinied inI this review, As Indicated previously, the team training area is very
significant to the Armed Forces in terms of the manpower and monetary resources that are expended each
year In such training, More Importantly. the team training area is an essential one in maintaining critical
proficiency among various types of operational units. For these reasons. it is critical that the issues noted
throughout this review he resolved.

The thrust toward team training resta on the assumption that team output is something more than the
sumi of individutal outputs and that Nonme distinctive elements determine team effectiveness and efficiency.
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It is theme unique elements that are the focus of team training. Unfortunatelyo the identification,
quantification, application, measurement, and evaluation of theme elements have proven quite elusive,
Perhaps this to why "teamwork Is ordinarily taught not in terms of the acquisition of specific qualities or

'kills. but by providing the operator with an opportunity to practice Individual skills in at team c'ontext"
(Meister., 1976). A clear opportunity to reallise high potential payoffs exists with lthe development of
measurement and assessment techniques for team outputs.

Teams almnost certainly function ott a continuum betweetn established and emergent situations. It

appears that the otiul.uou.response model to more appropriae tw adtesabihd ndoteA ~ continuium, while the organismic model finds more application in emergent contexts, Wagner et al. 04'77)
offered the following general conclusions whieh transcend the conceptual and methodological differences
between lthe two ttode'ls: (1) Where interactive skills are required, team training to a necessary addition to
individual training. (2) Individual skill cotmpetencie's are at necessary prerequisite to effective teant
tritining. (31) Initial skill acquisition should not bi' taught lit lthe tenth contex~t. and (4) Performance
feedbaluck Is critical to bioth Individual andl teami skill acquisitiott.

The alpplication Of ISI) to t110 developittent of teatin traitning holds p~rotmise for the Identification of the
1 ntilra('tlotl. cotttintunicttt ioit. coordination, decision making. compositiont. struvture', anid other (perhtaps as
yi't uitldetntified) teato performance variihli's, lThe're' is anl awareness thtat tin' objectives Identified should

be treated with the approprirate measurement and eval~uatioti tools. Simnulatiot attd cotpupter teelitiologies
e'ncourage imaginative attd i'reatlve approachtes to thte Identification and t reateinttitt of thtesie objectives. A
1istt'matic progratin of ri'seareh and dleve'lopment ito provide ope~ratiottal soluttiotts toi the issue's nioted
jprivioutsly must he undertaken Ini order to assutre voslt-effeetive and e'ffiettnt teanm perfortmance for Air
F'orce wti.itit at all operational levels,

A reasonablel first $te'll toward suieli a research anid developmetnt program should address thle
derterumi nation of flow team training is currently conducte'd, A thtorought assessmtent of the cutrretnt statuts of

oilltaintn shoutld Olso idintify Issues whiii'b van he addressed tltrouigh the application of existing or

the idi'ntifivation of teatti traitning issues (if high j)oti'ftial payoff which will require furthter research. Thl.
deve'lopim-tu'nt. iflineinent wild evaluation oif optinial team training teehttology withinl tite, mitilitary
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A framework was provided for studying the distribttion oi individutal capabiliti's, role
assignments, and organization in team performance. A miodel wak, i-resented which, included a
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Chapman, I.L., Kennedy, J.L., Newell, A., & Bid, W.C. The Systems Research Laboratory's air defence
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"GCekrell, J.T. Maintaining image interpreter proficiency through team consensus feedback. BESRL-TR-

Note-195. Washington, D.C.: Behavioral Science Research Laboratory, 1968.
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1171. System l)evelonment Corporation. 1971.
The usefulness of the "consensus feedback" process in target detection and identification was
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* were included.
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AFH-RL-TH-75-0. AD-A015 835. Wright.Patterson AIFB. Oil: Advanced Systenms Division, Air
Florce Human Resources Laboratory, June 10Q75.
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Dahilgreni, ll.K. Crewv truining, AI voinpre'hIens1ive program,. WS(;-lA -75-13, Anchorage, AL: Paper
presented at the Symposium on Science and Natural Resources in the( Gulf of Alaska, 1975.
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D~aniels, ILW., Alden, D).C., Katutrick, A.F., Gr-ay, '['.1. & Fouge, R.L. A'utomzated operator instruc-tion in
te'ufnl actics. N AV'l'IIAI WVCE,'N-70-(:-o:I 410-1. AI)-736 970. St. Paul. MN: Honeywell. Inc., 1972.
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44 IDefense Science Board. Crete/group~i/eanm/unit training. In, I efense Sciemeo Hoard, Report of the Task

F~orce rrn Tra ining 'lechnmolog% o ffice. of the D i rector ,,f IDefe nse Remeoeurh anrd Engineering,
Washinlgton. I .( .. 1970,
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description. ('omts. research and developmenti1 (HAD I) support. application and implementation,

4j ~management conicerns. and re'cotnnit!n(Iationo of CGTUI training were addressed in this chapter.
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P:.tterson APB, OH: Aerospace •dedical Research Laboratories, 1964.
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system design processes were analyzed into: (1) determining training requirements, (2)
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Fgennan, K., Glaser, IL, & ilaus, DJ. Increasing team proficiency through training. 4. A learning-
theoretic analysis of the effects of team arrangement on team performance. AIR-B64-9/63-TR,
"Pittsburgh, PA- American Institutes for Research, Team Training Laboratory, 1963.
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Egerman, K, Klaus, D.J., & Glwr, IL Increasing team proficiency through training. 3. Decremental effects
of reinforcement in teams with redundant members. AIR-B64.6/62-TR, Pittsburgh, PA:
American Institutes for Research, Team Training Laboratory, 1962.
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Ejemeler, F.T., & Cream, B.W. Some cnnsiderations in development of team training devices, Pap.ir
presented at the 1978 American Psychological Association Meeting, Toronto, Ontario, Canada.
A task analytic technique was described that had proven useful in the design of a fire control
teanm training device for the AC-130E Gunship. The technique was based upon careful task
analyses and represented an extension of conventional ISD techniques. Models of team behavior

were presented.

Faust. G.W. Team training and ISD. Oreni, UT: Counreware, Inc., 1976.
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Instructional Systems Development (ISD) was suggested as a general framework within which to
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Federman, P., & Siegel, A.I. Communications as a measurable index of team behavior.

NAVTRADEVCEN-1537-1. Wayne, PA: Applied Psychological Services, Science Center, 1965.
"The relationship between anti-submarine warfare (ASW) helicopter team pedormance and the
content and flow of communications within the team during a simulated attack was investigated."
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Foot, H,C. Group learning and performance: A reclassification. British Journal of Social and Clinical
Psychology, 1973, 12, 7-17.
A distinction between "coaction" and "interaction" was redefined and a classification system was
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presented.

Glanaer, M. Experimental study of team training and team functioning. In R. Glaser (Ed.), Training
Research and Fducation. University of Pittsburgh. Department of Psychology, Pittsburgh, PA,
1961. pp. 437-408.
An analysis of problems in teumi training that can be examined experimentally was presented.
Reports of how teams react in the field and some special aspects of laboratory teams were
reviewed.
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Glanaw, M., a Glaow, R. A review of team training problems. American Institutes for Research,

Pittsburgh, PA, 1955.
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for the study and improvement of team training were suggested.

Glnsws, M., Glares, It, & Klaus, DJ. The team performance record, An aid for tamn analysis and team
training. Office of Naval Research, Psychological Sciences Division, 1956. (AD-123 615).
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for the observation, evaluation, and improvement of- Navy team behavior.

Glsase, It, & Glannu, M. Dimensions of team performance and team training problems. In, Symposium on
Electronics Maintenance, Advisory Panel on Personnel and Training Research, Office of the
Assistant Secretaiy of Defense, Research and Development, 1955.
A discussion of ter~n training and procedures for improving team performance were offeied.
Four primary topics were covered: team description, team training, evaluation and measurement
of team performance, and team construction.

Glser, It, & 1'sus, DJ. A reinforcement analysis of group performance. American Institutes for Research
Tean £'raining Laboratory, Pittsburgh, PA, 1965. (AD-640 624).
Three-member "series" and "parallel" teams were used to investigate response feedback and
reinforcement contingencies occurring in a team environment. Processes studied included
response acquisition, extinction, spontaneous recovery, reacquisition, and reextinction.
Feedback was based on either group or individual performance,

Glser, IL, & Klaus, DJ. Studies of the reinforcement components of group performance. Office of Naval
Research, 1967.
A learning theory approach to group performance was described which emphasized
reinforcement contingencies as a central variable in small group performance. The distinction
between serial and parallel group compositions and the effect of a redundant member were
considered.

Glmer, It, Klaus, DJ., & Eerman, K. Increasing team proficiency through training. 2. The acquisition
and extinction of a team response. AIR-B64-5/62-TR. Pittsburgh, PA: American Institutes for
Research, Team Training Laboratory, 1962.
Team learning was studied varying many of the same factors as those which have been shown to

affect individual learning. The primary factors investigated were the feedback contingencies that

followed the overall team response. An operant conditioning model was employed.

Halnes, D.Bt Training for group interdependence. AMRL-TR-65-117, Wright-Patterson AFB, OH:
Aerospace Medical Research Laboratory, 1965.
The effect of group interdependency within USAF training programs was investigated. Group
interactions were investigated for their effects on overall performance in military situations,
Cooperation was contrasted with a competitive orientation.

Hail, L.L Some current issues in tactical team training. Navy Training Analysis and Evaluation Group.
Orlando, FL, 1976.
Contributions to understanding the nature of team functioning ard defining training program
needs were made. Key issues were discussed and recommendatio s for improving tactical team
training were offered.
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Hall, L.,, &RHimo, WA. An assessment of U.S. Navy tactical ieam training: Final report. TAEG Report
No. 18. Orlando, FL: Training Analysis and lvaluation Group, 1975.
The technical literature was reviewed to collect information for planning Navy tactical team
training. Current practices were discussed in relation t'. tha findings of the literature review and
recommendations were presented.

Hamnmell, T.J., & Mara, T.D. Application of decision making aid tram training research to operational
training: A tranulative technique. NAVTRADE•'"EX\ 60-C-0242-1, AD-871 984. General
Dynamics Corporation, 1970.
A thorough presentation of the procedure used to develop a decision making device for
operational training was made. The results of labora :ary decision making research were
presented and applications to operational training system.- were demonstrated.

Hogan, J.C. Trainability of abilities: A review of nonspecific tran,'ar issues rekvant to ability training.
ARRO-3010-TRI. Washington, D.C.: Advanced Research Lesources Organization, 1978.
The effects of training on related but nonidentical tasks wey-- assessed in an attempt to determine
whether ability training is feasible. Plant for transfer medialon and implications were discussed.

Hood, P.D., Krumnm, R.L, O'Sullivan, FJ., Buckhout, IL, Cave, ' C tuman, T.L, & Rockway, M.R.
Conferenct on integrated aircrew training. WADD-TR-66-220, Wright-Patterson AFB, OH,
1960.
Portions of this report stressed the need for mra~ini in c.m roordination in addition to
individual competencies. Measures of crew coordination were ALo Viescribed. Included, also, was
a description of the first "integrated crew treaner."

Hwrock, J.L, Heemann, E, & Krug, ILL Team training 11: An approach to optimum methods and
procedures. NAVTRADEVCEN 198.5, Col'imbi;,, OH: Ohio State University, 1961.

A Laboratoty results using three-member teams in structured task-oriented settings were reported.
* The acquisition phases of learning were of particular interest. The relative importancC of team

coordination vs. individual performance in dkill acquisition was discussed,

* |Horcka, J.L, Knig, ILE, & Heumnann, K Team training 11: Individual learning and team performance.
NAVTRADEVCEN 198-2. Columbus, OH: The Ohio State University Research Foundation, 1960.

The effectiveness of team performance under various training conditions and different feedback
*, ' conditions was evaluated. There were two tasks involved: a sentence decoding task, and a position

"judgment task. Implications for applied procedures were drawn.

Hulteu, ILH Games and teams, An effective combination in the classroom. Paper presented at the Annual
Meeting of the American Educational Research Association, Chicago, IL, 1974 AD-090 927.
The relative contributions of team competition and peer group practice to classroom instructional
effectiveness were investigated, Hew- r.1 system (team competition vs. individual competition)
and practice (group practice vs. inc!.'r .,s practice) were combined in a 2x2 factorial design. The
dependent variable was performnnc...an a modified version of the math game "Tuf."

Jeantheau, G.G. The use of multi-man system trainers. Ergonomics, 1969, 12(4), 533-542.
A guide for the use of an antisubmarine warfare trainer was described. Four principles for
effective tactical team training were presented.
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L j ! Johnson, ILIL, & Tdrelvia, J.M. Group and individual performance on a single-stage task as a function of
idistribution of individual performance, Journal of Experimental ,'cial Psychology, 1967, 3(3),
, v i266-273.

This research investigated group and individual performance on a single-stage mathematical
2. puzzle. The distribution of individual performance in relation to group performance confirmed

the authors' hypothesis that group performance is simply a combination of members' resources.

Johnston, W.A. Transfer of team skills as a function of type of training. Journal of Applied Psy,:hology,
*; •. 1966, 50, 102-108,

Team and indivldual traininps were contrasted for tasks that required extensive teamwork. A
simulated radar controlled air intercept task was used. The degree of coordination and number of
"hits" scored were the dependent measures.

Johnston, W.A. Individual performance and self-evaluation in a simulated team. Organizational Behavior
and Human Performance, 1967, 2, 309-328.
How well team members perceived that they performed and how well they actually performed
were investigated as a function of actual team output. The task was a simulated tracking

;i manipulation and integrated aL~solute error was recorded. Changei in criteria and self-

evaluations were used.

Johnston, W.A., & Brigg, GA.. Team performance as a function of team arrangement and workload.
Journal of Applied Psychology, 1968, 52(2), 89-94.
Two team functions ("fail-stop" and "compensatory"), Intermember comm•tunlcatlon, and
workload were investigated to determine their effects on team output. The fail.stop function was
one in which team members prevented their partner from making a mistake. With the
compensatory function, a partner corrected a mistake after It had been committed.

I ' Kanarick, A.F., Alden, D.G., a Dandels, RLW, Decision making and team training in complex tactical
training systems of the future. In Naval Training Device Center 25th Anniversary
Commemorative Technical Journal, 1971, 67-77.

SThe implications of trends in Navy tactical training were discussed in terms of the training of
individuals and teams in tactical and decision making skills. Two approaches to decision-making

*1 :training were assessed and principles of effective team training were related to decision making.
The requirements imposed by new tactical systems were also discusacd.

1ý1 Kennedy, J.L The system approach; Organizational development. Human 4actors, 1962, 40(), 25-52,
, It How people behave in groups was Investigated within a "synthetic organism" context. The

organization was viewed as a different entity within which individuals became parts or sub-parts
of that entity. The treatment, development, and growth of these "synthetic environments" wasdiscussed.

Killian, L Minimize or maximize? Education and training for tomorrow's technical Navy. Paper
presented at the Annual 'leeting of the Association of Edu'ational Communications and
Technology, Miami Beach, FL, 1977. (ED-142 196).
A Group Assisted Self-Paced (GRASP) program of individualized Instruction in groups of 16 was
described. The GRASP program was presented as retraining self-paced, Individualized
instruction while building group identity and Insti actor leadership.

Kinkade, BlG., & Kidd, JS. The effect of team size and intermember communication on decision-making
performance. WADC-TR-58-474. Wright-Patterson APB, OH, 1959.
A complex decision making "game" derived from radar approach control was used to measure
the performance of individuals and two-member teams with, and without Intercommunication.
The dependent measure was productivity per person. An examination of individual performance
vs. individual in a group performance wis made.
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'1 Klaus, DJ., a Glaos, It Studies of Navy guided missile teams: Final report. Pittsburgh, PA: American

Institutes for Research, 1958.
This brief summary of research project activities conducted by the American Institutes for
Research under contract with the Office of Naval Research included a digest of activities, a brief
history, and an annotated bibliography of reports produced by the project staff. No technical
findings were reviewed.

"Klaus, D4., & Glser, I Increasing team proficiency through trai. ing, I. A program of research. AIR-264.
60-TR-137, AD-252 866. American Institutes for Research, 1960.
A program of research was described which attempted to explore various fundamental aspects of
team proficiency. Of primary interebt was the process by which the proficiency of a team, aJ a

' whole, develops. A learning theory model was used,

Klaus, DJ., & Glaser, It Team learning as a function of member learning characteristics. American
K.., Institutes for Research, Pittsburgh, PA, 1963.

Team proficiency was manipulated using operant conditioning techniques, The extent to which
the individual learning characteristics of team members affect !he acquisition and extinction of
team responses was studied.

Klaus, DJ., & GhLae, It Increasing team proficiency through training. 5. Team learning as a function of
member learning characteristics and practice conditions. AIR-EI-4/65-TR, Pittsburgh, PAI
American Institutes for Research, Team Training Laboratory, 1965.
The variables investigated in this study of team learning included individual response
proficiency, rate of proficiency attainment, homogeneity of proficiency among team members,
and delay between individual and team learning, Three-member teams were studied.

Klaus, DJ., & Glaser, Rt Increasing team proficiency through training. 8. Final summary report. AIR.E 1-
6/68-FR, Pitisburgh, PA: American Institutes for Research, 1968.
This report summarized seven technical reports on team training covering a time period from
December 1960 through August 1967. Each of the seven research studies was described and
reviewed. This report concluded by identifying pvctical impllDations and underlying concepts of
the research efforts.

Klaus, D.J., & Glaser, It Reinforcement determinants of team proficiency. Organizational Behavior and
Human Performance, i970, 8(0), 33-67.
Both "series" teams (requiring specific input from each member) and "parallel" teams
(containing redundant members) were used to assess the differential effects of group
reinforcem-)nt on indiv,2sal team members. The effects of entering performance,
supplementary feedback and simulation on training were studied.

Klaus, DJ., Grant, ID., & Glaser, It Incrasing team proficiency through training. 6. Supervisory
furnished reinforcement in team training. AIR.EI-5/65-TR, Pittsburgh, PA: Amer:can I1istitutes
for Research. Team Training Laboratory, 1965.
The effect of simulated supervisory reinforcement on the speed of team reslonse acquisition was
studied. This rpott offered an explanation for a previously noted reduction in individual teem
member proficiencies when individual training was terminated and wom tralniig was behun,

Krils, ILD., Thurmad, P., & Mark, L Coinputeriaed collective training for ktms. ARI-TR-77-A.
Alexandria, VA: U.,S. Army Research Institute for the Behavioral and Social Slences, 1977,
A review and evaluation of the available literature applicable to the development of instructional
strategies for computer-assisted team training was conducted, The msjor elements requited fo0
the derivation of team training instructional strategies were ai.o Identrfied.
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aKrunm, R.L The effectiveness of integrated crew simulator training in developing crew coordination
skills. AIR-238.S9-IR-96, Washington. D.C,: American Institutes for Research, 1959.
A 30.month study designed to aosess the value of a linkage device for promoting crew
coordination was summarimed. A presentation of techniques employed and results obtained was
included.

Knsumu R.L, & Fari,%, AJ., Jr. Evaluation of a il.52 integratedflight simulator for its crew coordination
* training potential as measured by crew communications and performance measures. AlR-327-

"6141R.239, Washington, D.C.: American Institutes for Research, 1961.
The results of a study to assess the value of electronically linking crew training simulators toI allow for more realistic crew coordination practice were discussed. New devices were also
investigated in an attempt to determine more precisely the nature of crew coordination activities.

Knrunm, I.L & PFurina, A4., Jr. Effectiveness of integrated flight simulator training in promoting B.52
*.1 crew coordination. AMRL.TDR-62-1. Pittsburgh, PA: American Institutes for Research, 1962.

The value of a B-52 flight simulator coupled to a navigator trainer for promoting crow
coordination was assessed. Special attention was given to two aspects of communication (pattern
and volume) and their relationships to crew coordination.

Kuriloff, A.H., & Yoder, D. Teamtoork in task analysis. Training manual V, Evaluation of the Marine
Corps task analysis program. TR.9, ED 127 421. Arlington, VA: Office of Naval Research,
Personnel and Training Research Programs Office, 1975,
rhis training manual provided guidelines for effective teamwork and team development. The
major obstacles to optimal team performance were dictussed and "management by objectives" in
teamwork was explained. An annotated bibliography was included.

Laughlin, P.R., A Johnson, H.H. Group and individual performance on a complementary task as a function
of initirt ability level. Journal of Experimental Social Psychology, 1966, 2, 407-414.
The effects of group as opposed to Individual performance on a "complementary task" was
studied as a function of initial ability level. A complementary task was defined as one in which
each person is assumed to possess some resourci s that or- unshared, hy the other group members.
Subject. worked in pairs,

Lemike, LA., & Hecht, J.T. Effects of degree of training, group size, and inductive ability on the transfer of
conceptual behavior. The Journal of Educational Research, 1971, 65, 4345.
This experiment served as a partial replication of studies which have indicated that training low.
ability subjects in homogeneous pairs facilitates individual transfer performance on concept
attainment twsks.

Levy, .1. A preliminary study of informal crew conferences as a crew training adjunct, AFPTRC.TR.54-
87. AD-066 013. lackland AFB, TX: Air Research and Development Command, Air Force
Personnel and Training Research Center, 1954.
The effect of crew conferences as an aid to aircraft crew technical training was investigated. The
conferences allowed for informal and interpersonal crew member interactions. Attitude
'meaoures, a soclometric test, and a measure of psychological tension were the dependent
measures.

LftLdt, G.L., Dark VJ., & Williams, D. Short.-term memory factors in ground oontroller/pilot
communication. Hunan Factors, 1979, 21(2), 169-181,
Sources of memory erron in an air traffic control system were investigated using simulation
techniques. Two major determinants of error probability were identified. Implications for
improvement within the information encoding scheme were made.

45. -j.. . .



McFann, H.IL Training for the military. HumRRO-PP-3-76. Alexandria, VA: Human Resources Research
Organization, 1976.
Data and trends concerned with military training were summariped as they apply primarily to
individual training. Basic training and specialized skill training were discussed. Complexities and
cost considerations were observed.

Maflae, A.V. Interaction content and team effectiveness. HumRRO-TR-66. 10, AD-637 311. Fort Benning,
GA: The George Washington University, Human Resources Research Office. 1966.
The effectiveness of small combat teams which require cooperation and coordination among

'Iindividual members was Investigated. The primar goal was to study the relationship between the
interaction of a working team and its effectiveness.

SMelster, D. Team functions. In Behavioral Foundations of System Development. New York: John Wiley &
Sons, Inc., 1976.
This chapter investigated the effects of team variables and training on team performance

J improvement. Among the variables discussed were team size, compositinn. organization.
.,~training, performance, communication, attitudes, and motivation. Developmental implications

were included.

Morgan. B.B., Jr., Costa., G.D., Allulsi, LA,, & Kirby, R.H. Training and performance effects of team
training loads, ITR-78-14. Alexandria, VA: U.S. Army Research Institute for the Behavioral and
Social Sciences, 1978.
The data of 10 studies were combined and reported in this interim technical report. The studies
investigated the effects of different percentages of untrained team personnel on training and
performance effectiveness. Implications for optimizing team training strategies and performance
effectiveness were discussed,

Moilssette, J.0., Haosueth, J.P., & Shellar, K. Team organization and monitoring performance. Human
Factors. 1975, 17(3), 296-300.
Varying ikhor differentiation conditions were used to study individual and two-member team
performance. 'he task was signal detection of multiple displays. Implications for team
organization (for de'tection tasks) were derived.

Nagpy, J.A. Research related tc CGTU training. Paper presented at the 1978 Meeting of the Training and
Personnel Technology Conference (TPTC on Crew, Group. Team, and Unit (CGTU1 Training,
Washington, D.C.
U.S. Navy Research concerned with team training in an information processing or problem
solving context was presented. Human interaction variables were related to Crew, Group, Team,
and Unit (CGTU) training research.

Naylor, J.C., A Briggs, G.E. Team-training effectiveness under various conditions. Journal of Applied
Psychology, 1965, 49, 223.229.
Dynamic team functioning was examined by adding substitute members with varying experience
levels and by altering task complexity and organization. The task involved simulated radar
control of manned interceptors.

Naylor, J.C., a Dickinson, T.L Task structure, work structure, and team performance. Journal of Applied
Psychology, 1969, 58(3), 167-177,
Two levels of task structure, two levels of task organization, three levels of work structure, and
five I locks of 40 trials each were factorily combined with team achievement as the dependent
measure. This study was essentially a test ipf the Dickinson-Naylor taxonomy of team
performance (1969).
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Nebeker, D.M., Doeektader, S.L, & Vickers, R.K, Jr. A comparison if the effects of individual and team
"performance feedback upon subsequent perfqrmance, NPRDC-TR-75-35. San Diego, CA: Navy
Personnel Research and Development Center, 1975.
The effect of performance feedback presented to individuals who are or are not members of a
team was assessed. Variation as a result of team membership or the amount and specificity of
feedback was studied.

Nelso, P.D., & Berry, N.H. Cohesion in Marine recruit platoons, NAVMED-MFO-22.01.04-9001, AD-66(
615. San Diego, CAi Navy Medical Neuropsychiatric Research Unit, 1968.
The relationship of cohesiveness to personnel composition, attitudes, and performance was

hi' studied in Marine basic training platoons. The stability of cohesiveness over a 2-month period
was also observed.

Nieva, V.F., Flelshman, LA., A Rleek, A. Team dimensions: Their identity, their measurement and their

relationships, DAHC 19-78-C-001, Washington, D.C,: Response Analysis Corporation, 1978.
Basic questions about the nature of team performance and the factors affecting it were

• investig~Ated, An extensive literature review and propositions which emerged from the review

¶ were included. A new conceptualization of team performance was developed,

Obermityer, RW., Vreuls, D., Muckler, F.A., a Conway, U. Combat-ready crew performance measurement
system: Phase lflD, Specifications and implementation plan, AFHRL-TR-74-108 (VII), AD-
BOO5 522L, Williams AFB, AZ: Flying Training Division, Air Force Human Resources
Laboratory, December 1974. (a)
Specifications and an impiementation plan were presented for a performance measurement

ii system which was divided into three major subsystems, Data acquisition, data processing, and
personnel. The implementation plan detailed five major steps.

Obermayer, RW., & Vreuls, D, Combat-ready crew performance measurement system: Phase L

Measurement requirements, AFHRL-TR-74-108 (Ii), AD-BO05 518. Williams AFB. AZ! Flying
Training Division, Air Force Human Resources Laboratory. December 1974,
Training sites were visited and experts were interviewed as input to a proposed measurement
system which would serve as a useful tool for research on combat-crew training problems. This
study also provided a useful foundation for performance measurement studies.

Obermayer, LW., & Vreuls, D. Combat-ready crew performance measurement system: Phase II.
Measurement system requirements. AFHRL-TR-74-108 (Il1). AD-B005 519, Williams AFB. AZ:
Flying Training Division, Air Force Human Resources Laboratory, December 1974. (b)
This study reported findings of phase two of a three-phase effort into "Research on Operational
Combit-Ready Proficiency Measurement" performed by Manned Systems Sciences, Inc. Thiz
phase of the effort concentrated on the requirements for a measurement system including
research procedures. measurement processing, system criteria, and preliminary system analyses.

Obermayer, KW., a Vreuls, D. Combat.ready crew performance measurement system: Phase li1A, crewy
performance measurement. AFHRL-TR-74-108(IV), AD-BO05 520. Williams AFB, AZ: Flying

Training Division, Air Force Human Resources Laboratory, December 1974.
The systems approach to the design of a measurement system was used to gather information
applicable to combat-crew training. The program was designed to phase through six major
activities: (1) requirement definition, (2) conceptual design, (3) modification of definition and
conceptual design stages, (4) design of studies, (5) specification determination, and (6) report.
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A
Obermayer, R.W., Vreual, D., a Conway, E J. Combat-ready crew performance measurement system.

Phase IIIC. Design studies. AFHRL-TR.74-108(VI), AD-BOOS 521L. Williams AFB, AZ: Flying
Training Division, Air Force Human Resources Laboratory, December 1974.
This phase looked at design studies to identify desirable system features associated with training
measurement system design. The nature of criterion tradeoffs was discussed and
recommendations were offered.

Obermayer, R.W., Vreul,, D., Muekler, F.A., Conway, E J., & Fitageotd, J.A. Combat-ready crew
performance measurement system: Final report. AFHRL-TR-74-108(1), AD-BOOS 517L. Williams
AFB, AZ: Flying Training Division, Air Force Human Resources Laboratory, December 1974.
This report described a combat-reedy crew performance system project with two primary

' ,~ objectives. The first was to define appropriate performance measures. The second was to define a
cost-effective measurement system. Implications for the development of such a system were
discussed.

Parlour, i•R. Executive team training. Academy of Management Journ al, 1971, 14, 341-34.
A discussion of executive team training as the key to successful management was presented. The
psychological issues rather than the process were addressed. Executive team training was
presented as ati ongoing process.

Parsons, H.M. Wiihat the Navy's anti-air warfare training program can learn from air defense system
trasning experience. NR 170-032. Washington, D.C.: Office of Naval'Research, 1964.
Lessons gleaned from experiences with air defense system training were derived from
operational exercises, simulated environments, instructional techniques, and the combination of
operational training exercises and simulation as both a training program and a method of
measuring and evaluating performance.

Payne, W.H., & raunstein, D.N. Suitability of a simple task fJrthe study of team training problems. SRM-
65-5. San Diego, CA: Chief of Naval Personnel, 1965.
The effects of three team organising conditions on signal detection performance were assessed.
The organizing conditions included individual, sequential. and parallel arrangements. The task
was to distinguish a visual signal from background noise.

Prophet, W.W., & Caor, P.W. Simulation and aircrew training and performance. HumRRO-PP-4-74.
Alexandria. VA: The George Washington University Human Resources Research Office, 1974.Major areas of U.S. Army simulation usages were outlined. Equipment development, crew

performance, and training were emphasized. A program which emphasizes engineering and
behavior principles was suggested.

Ratliff, F.R., Chlorini, J1IL, Cumn, C.R., & Shaoe, C.W. Evaluating combat crew training performance
using criteria of minimum performance standards. AFHRL-TR-70-50, AD-722 409.
Lackland AFB. TX: Personnel Division Air Force Human Resources Laboratory, November
1970. An I -point rating scale and minimum acceptable performance criteria were developed to
measure training progress for the F-4 combat crew. The effects of previous crew member
experiences on performance in combat crew training school were assessed.

aavage, R.E. A m'ultiple-regression information-processing approach for assigning individuals to a
training strategy. Masters thesis, Virginia Polytechnic Institute and State University, Blacksburg,
VA, 1979.
A method for maximizing training efficiency within the constraints of time, money and the skills
needed was developed. The approach involved matching a particular training strategy to
individual characteristics.
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Sh~var, E .L., Madw, B.LL, Griffhn G.I., Word, L.E., a Roca, &T. REALTRAIN. A new method for
tac tical training of small units. Kinton, Inc., Alexandria, VA, 1975. (AD-A024 030/9ST).
A low-cost tactical training and evaluation technique for use in Army unit com' oat training was
described. Simulated combat situations which are realistic, two-sided and interactive were
employed. The system was based on standard learning theory principles.

"SlWegd, A.I., .'& Fedesman, PJ. Communications content training as an ingiedient in effective team
i'. perforinaLlCe. Ergonomics, 1973, 16(4), 403-416.

The relationship between helicopter team performance and the type and amount of

communication among the team members was investigated. Information derived from this study
would be used to develop a course which used communications content av a basis for improving
on-the-job effectiveness.

Slakel, M., Jr., Lane, F.D., Powe, W.E,, & Flemian, RE. Intra-crew communication of B-52 and KC-135
student and combat crews during selected mission segments. AMRL-TR-65-18, AD-617 598.
Wright-Patterson AFB: OH, May 1%5.

Within-crew communications during peacetime training flights were examined as a function of
crew experience and selected mission tasks. Crew transmission and message rates were the
dependent measures.

Short, J.G., Cotton, T., & Klaus, DJ. Increasing team proficiency through training: 7. The simulation of
team environments. AIR-EI-5/6$l-TR, AD-669 687. Pittsburgh, PA: American Institutes for
Research Team Training Laboratory, 1968.

* Three studies of simulated team environments were used to study the decrement in individual
performance which occurs when individuals are transitioned to teams. A learning theory

approach was followed.

Smith, E .A. Four systems for controlling multiscreen or team training presentations. AFHRL-TR-77-83,
..AD-A055 093. Lowry AFB, CO: Technical Training Division, Air Force Hu.man Resources
Laboratory, December 1977.
Procedures and techniques were developed for gene'-ting simultaneous presentations of more

S' than one visual image or images with more than one visual component. The techniques were
applicable to coordinated or team training instructional situationis. The discussion included
implementation instructions. Results of a field test and a usability evaluatin were also included.

*, Smode, A.F. Recent developments in training problems, and trsining and 'raining research methodology.
In R. Glaser (Ed.) Training Research and Education. University A Pittsburgh, Department of
Psychology, Pittsburgh, PA, 1961, pp. 493-573.
A compilation of training methods, materials and procedures of training and training research
was presented. The chapter was designed to provide researchers with ideas, techniques and
procedures. Research implications were included.

Swesey, B.W. An application of a multi-attribute utilities model to training analysis. Human Factors,
1979, 21(2), 183-189.
A Bayesian-oriented decision making paradigm was applied to a military training analysis
problem. Results of the "multiattribute utilities model" application were discussed and a
comparison was made with a simple judgment analysis model.

Thurmond, P., & Kribs, L.D. Computerized collective training for teams: Final report. ARI-TR-78-Al.
Alexandria, VA: U.S. Army Research Institute for the Behavioral and Social Sciences, 1978.
A demonstration and evaluation of a brassboard for Computerized Collective Training for Teams
"(COLT') was conducted. The design and implementation of a team Instructional Systems
Development (ISD) model from which sample training materials developed was included.
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Truasell, JAL, Waits, G.W., Potter, N.R., a Dieterly, D.L Team performance research: 4 review. Dayton,
OH: Systems Research LUboratorios, Inc., 1977.
A literature seiatch was conducted into team member interaction and the individual capability of
group members. Team functioning under conditions of stress or task overload was given
particular emphasis. Research program recommendations were suggested.

TRW Systems Group. Spacelab cosat eduction alternatives study. Volume 3: Crew training task analysis.

TRW-26904-6002-TU-00-V-3. Redondo Beach. CA: TRW Systems Group, 1975.
Functions necessary to meet flight objectives were identified. Each function was then analysed to
determine the major activities which contributed to the function. Each major activity was further
analyzed to define specific operator tasks. Training analysis worksheets were used to document
the analysis of each function.

Vreuls, D,, & Obermayer, ILW. Study of crew performance measurement for high-performance aircraft
weapon system training: Air-to-Air intercept. NAVTRADEVCEN 70-C-0059-1, Northridge, CA:
Manned Systems Sciences, Inc., 1971.
The development of methods and measurements for the requirements of an automated high-
performance weapon system trainer wRs discussed. The problem included the specification of
measurement for training of the pilot alone, the weapon system operator alone, and of both ss a
two-member team.
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